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PREFACE 


This  report  describes  the  rock  layers  of  the  Millerstown  cjuadrangle, 
their  distribution,  structure,  and  economic  mineral  products. 

The  stratigraphy  section  describes  in  detail  the  various  rock  forma- 
tions, the  characteristics  by  which  they  may  be  recognized,  the  minerals 
and  fossils  contained  in  them,  and  where  each  is  found.  Conclusions  are 
drawn  about  where  the  sediments  which  formed  these  rocks  came  from, 
how  they  were  transported,  and  whether  they  were  deposited  in  streams, 
in  the  sea,  or  along  the  shore  of  the  sea. 

A description  of  the  geological  structure,  or  configuration,  of  the  strata 
is  presented,  both  as  an  aid  in  prospecting  for  potential  economic  min- 
eral deposits,  and  to  help  in  understanding  the  processes  of  mountain 
building  and  deformation  which  have  been  active  here.  It  is  hoped  that 
this  information  will  contribute  to  the  understanding  of  the  mechanism 
and  sequence  of  events  through  which  the  central  Appalachian  Moun- 
tain chain  was  formed. 

A chapter  on  economic  mineral  resources  is  included  to  aid  in  the 
location  and  extraction  of  mineral  products.  In  these  strata  are  found 
deposits  of  limestone  which  may  be  used  to  build  roads  and  enrich  fields, 
and  red  beds  of  iron  ore  which  in  former  times  fed  the  furnaces  at  New- 
port and  Millerstown.  Many  of  the  low  hills  and  valleys  of  the  quad- 
rangle contain  beds  of  shale  or  claystone  that  can  be  used  to  make  brick, 
pottery,  or  other  ceramic  products.  Some  of  these  shale  beds  are  also 
quarried  and  used  to  surface  the  farm  lanes  and  secondary  roads  which 
criss-cross  the  region.  The  quartzite  boulders  tliat  lie  on  the  high  moun- 
tain slopes  have  been  used  in  the  past  (and  have  a potential  future  use) 
in  the  construction  of  stone  buildings,  foundations,  and  railroads,  and  in 
some  places  are  so  pure  that  they  might  be  a commercial  source  of  silica. 

Another  section  of  the  report  deals  with  the  geology  and  its  influence 
on  the  human  environment,  through  its  effect  on  surface  and  under- 
ground water,  foundation  and  excavation  properties,  and  other  engi- 
neering characteristics  of  the  bedrock. 

The  text  is  accompanied  by  two  colored  maps  and  a cross  section. 
Plate  1,  a geologic  map,  shows  the  distribution  of  the  rock  formations  of 
the  quadrangle.  Plate  5,  an  economic,  engineering,  and  environmental 
map,  shows  the  rock  quarries,  some  of  the  water  w'ells,  and  the  orienta- 
tion of  fractures  in  the  rocks.  The  cross  section  (Plate  2)  shows  the  tinder- 
ground  arrangement  of  the  rock  formations. 

This  report  will  be  of  value  to  land-use  planners,  industry,  agriculture, 
and  highway  engineers. 
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Aerial  view  of  southern  half  of  Millerstown  quadrangle  and 
the  surrounding  area,  looking  southeast  from  the  vicinity 
of  Mexico,  Pennsylvania.  The  Juniata  River  valley  and 
Tuscarora  Mountain  are  in  the  foreground.  Wildcat  and 
Raccoon  Ridges  cross  the  center  of  the  photo,  and  Buffalo 
Mountain,  Berry  Mountain,  Half  Falls  Mountain,  Peters 
Mountain,  and  Blue  Mountain  lie  beyond.  The  Great  Valley 
is  seen  in  the  distance,  and  the  rocks  of  the  Triassic  Low- 
lands form  the  horizon.  The  village  of  Thompsontown  is  in 
the  foreground,  and  Millerstown  and  Newport  are  visible 
near  the  center  of  the  photo.  Photo  by  John  S.  Shelton, 
courtesy  of  W.  H.  Freeman  and  Company. 
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ABSTRACT 

The  Millerstown  15-minute  quadrangle  is  located  in  the  middle 
of  the  Valley  and  Ridge  province  in  central  Pennsylvania.  It  is 
underlain  by  sedimentary  rocks,  ranging  in  age  from  Late  Ordo- 
vician through  Mississippian,  \A/hich  can  be  divided  into  two  thick 
clastic  intervals  separated  by  a thinner  nonclastic  sequence.  The 
lower  clastic  interval  (from  the  Ordovician  Bald  Eagle  Formation 
to  the  Silurian  Bloomsburg  Formation)  consists  of  quartzites, 
sandstones  and  conglomerates,  siltstones,  shales,  and  minor  lime- 
stones. The  medial  carbonate  interval  (from  the  Silurian  Wills 
Creek  Formation  to  the  Devonian  Onondaga  Formation)  consists 
mostly  of  limestones,  with  subordinate  cherts,  sandstones,  and 
shales.  The  upper  clastic  interval  (from  the  Devonian  Marcellus 
Formation  to  the  Mississippian  Mauch  Chunk  Formation)  consists 
predominantly  of  shales  and  siltstones,  with  some  prominent 
sequences  of  sandstones,  conglomerates,  and  quartzites. 

The  major  structures  in  the  quadrangle  are  two  anticlinoria  and 
two  synclinoria  having  wavelengths  of  8 to  11  miles.  Numerous 
smaller  folds  occur  within  the  limbs  and  hinges  of  these  major, 
first-order  folds.  Kink  bands,  occurring  in  a wide  range  of  sizes, 
are  the  underlying  structural  element.  The  deformation  was 
basically  a flexural-slip  process  which  resulted  in  kink-band  folds 
having  planar  limbs  and  narrow  hinges.  Faults  constitute  a sub- 
ordinate part  of  the  structure;  most  of  them  are  reverse  wedge 
faults  representing  local  disruptions  in  the  folding  process. 
Fractures  generally  occur  in  an  orthogonal  system,  both  normal 
and  parallel  to  fold  axes,  which  suggests  a genetic  relation 
between  the  folds  and  fractures.  Cleavage  is  only  poorly  developed 
in  some  of  the  shales  and  limestones,  and  is  generally  not  a sig- 
nificant feature  of  the  geologic  structure. 

One-half  of  the  annual  40  inches  of  precipitation  is  drained  by  the 
Juniata  River  and  the  Susquehanna  River  just  east  of  the  quad- 
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rangle.  Most  of  the  remainder  recharges  the  ground-water  res- 
ervoir. Hydrologic  data  from  116  water  wells  in  the  quadrangle  were 
analyzed.  Water  wells  are  generally  less  than  150  feet  deep  and 
usually  have  water-bearing  zones  at  a depth  of  less  than  100  feet. 
Yield  varies  with  topographic  location,  bedrock  type,  and  geologic 
formation;  the  optimum  location  for  wells  appears  to  be  in  valley 
floors  underlain  by  limestone  of  the  Tonoloway  Formation. 

The  engineering  characteristics  of  the  rock  units  affect  the 
location,  design,  construction,  operation,  and  maintenance  of 
engineering  works.  In  the  Millerstown  quadrangle,  different  rock 
types  exhibit  different  properties  with  regard  to  ground-water 
potential,  foundation  stability,  slope  stability,  and  ease  of  excava- 
tion. Each  rock  formation  is  evaluated  in  terms  of  these  and  other 
categories. 

Economic  mineral  deposits  in  the  quadrangle  include  sedi- 
mentary iron  ore,  agricultural  lime,  and  building  stone,  which 
have  been  utilized  in  the  past;  crushed  stone  and  clay  shale, 
which  are  produced  at  the  present  time;  and  fluorite,  wad  (man- 
ganese oxide),  and  anthracite  coal,  of  which  only  noncommercial 
occurrences  are  known. 


INTRODUCTION 

LOCATION  AND  GEOGRAPHY 

The  Millerstown  15-minute  quadrangle  lies  in  central  Pennsylvania 
(Figures  1 and  2),  and  covers  an  area  of  228  square  miles  (591  sq.  km)  in 
Perry,  Juniata,  and  Snyder  Counties.  Four  mountain  ridges  (Shade,  Tus- 
carora,  Buffalo,  and  Berry  Mountains)  cross  the  quadrangle  in  a north- 
east-southwest direction  (see  frontispiece).  These  are  separated  by  lesser 
ridges  and  numerous  valleys,  which  are  connected  by  the  narrow  trans- 
verse valleys  (water  gaps  and  wind  gaps)  through  the  mountain  ridges. 
The  maximum  elevation  occurs  on  Shade  Mountain  (2180  feet,  664  m) 
and  the  minimum  elevation  is  in  the  Juniata  River  as  it  leaves  the  quad- 
rangle (473  feet,  144  m).  Most  of  the  valleys  are  at  elevations  between 
500  and  800  feet  (152  to  244  m).  Maximum  relief  in  the  quadrangle  is 
1,707  feet  (521  m). 

One  major  river,  the  Juniata,  crosses  the  southwestern  part  of  the 
quadrangle.  Approximately  one-half  of  the  drainage  from  the  quadrangle 
flows  into  the  Juniata  River,  whereas  the  other  half  drains  eastward 
into  the  Susquehanna  River. 

The  climate  is  continental,  humid,  and  temperate  with  an  average 
annual  precipitation  of  40  inches  (100  cm),  including  snow  accumula- 
tions averaging  61  inches  (155  cm).  Daily  mean  temperatures  range  from 
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Figure  1.  Location  of  Millerstown  quadrangle  with  respect  to  the 
physiographic  provinces  of  Pennsylvania. 


62  to  79°  F (19  to  32°  (1)  in  August,  and  troni  25  to  40°  F ( — 3 to  16°  C) 
in  January.  Temperature  extremes  are  —6  and  106°  F ( — 19  and  41°  C), 
and  the  mean  daily  temperature  range  in  1967  was  60.1°  F (19°  C)  to 
40.8°  F (5°  C).  (Data  from  Pennsylvania  Dept,  of  Commerce,  1969.) 

Culturally,  the  quadrangle  is  largely  agricultural  with  approximately 
17  percent  of  the  land  under  cultivation,  66  percent  in  forest  land,  14 
percent  in  grassland  and  3 percent  in  towns  and  villages  (Williams  and 
Reed,  1972).  The  principal  towns  are  Millerstowm  (1970  population,  575) 
in  Perry  County,  and  Beaver  Springs  and  Mt.  Pleasant  Mills  in  Snyder 
County.  The  area  is  served  by  an  excellent  road  and  highway  system,  in- 
cluding U.S.  Route  22-322  which  connects  Harrisburg  with  Altoona  and 
Pittsburgh  to  the  w'est,  and  U.S.  Routes  11  and  15  which  connect  Harris- 
burg with  Williamsport  and  other  cities  to  the  north.  The  east-west 
trunk  line  of  the  Penn  Central  Railroad  follows  the  Juniata  River.  In 
the  nineteenth  century,  extensive  canal  systems  were  developed  on  both 
the  Juniata  and  Susquehanna  Rivers. 

The  locations  of  towns,  streams,  and  physiographic  features  mentioned 
in  the  text  are  shown  on  the  toponymic  map  (Plate  3). 

PHYSIOGRAPHY 

The  Millerstown  quadrangle  lies  in  the  middle  of  the  Appalachian 
Mountain  section  of  the  Valley  and  Ridge  province,  and  the  topography 
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Figure  2.  Topographic  quadrangle  designation  in  the  Millerstown 
area,  showing  areas  covered  by  recent  geologic  maps 
and  reports. 

A = Geologic  Atlas  report,  Pa.  Geol.  Survey. 

W = Water  Resource  Report,  Pa.  Geol.  Survey. 

GQ  = Geologic  Quadrangle  Map,  U.S.  Geol.  Survey. 

G = General  Geology  Report,  Pa.  Geol.  Survey. 

PP  = Professional  Paper,  U.S.  Geol.  Survey. 


is  characteristic  of  the  entire  province.  Because  of  the  wicfe  range  of  rock 
types  exposecf,  anti  the  differences  in  weatlieral)ility  and  resistance  to 
erosion  among  the  various  rock  types,  some  stratigraphic  units  underlie 
valleys  whereas  others  underlie  higher  elevations.  T his  varied  response  to 
weathering  and  erosion,  coupled  with  the  generally  upright  folds  having 
little  or  no  plunge,  has  created  a topography  of  long  valleys  and  ridges. 
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The  relative  elevation  at  which  a stratigraphic  unit  occurs  is  a gross 
measure  of  its  resistance  to  weathering  and  erosion.  Units  which  are 
easily  weathered  into  small  particles  tend  to  underlie  areas  of  low  relief 
and  low  elevations.  The  limestones  and  calcareous  shales,  which  weather 
readily  by  solution,  underlie  the  lowest  valleys  because  the  weathering 
products  (dis.solved  material  and  fine  clays)  are  easily  transported  to 
stream  channels.  On  the  other  hand,  the  quartzites  and  siliceous  sand- 
stones disaggregate  very  slowly  and  commonly  break  up  along  Iractures 
and  bedding  planes  into  cobbles  and  boulders  which  are  not  as  easily 
moved;  these  units  underlie  the  higher  ridges.  Between  these  two  ex- 
tremes are,  in  order  of  increasing  resistance  to  weathering  and  erosion, 
the  claystones,  shales,  siltstones,  and  cherts.  I'able  1 presents  the  relative 
weathering  and  erosional  resistance  of  the  various  rock  units  in  the 
mapped  area. 

The  Juniata  River  is  the  major  stream  in  the  quadrangle  and  many  of 
the  other  streams  drain  into  it  (the  exceptions  occur  in  the  east  part  of 


Table  1.  Relative  Resistance  to  Weathering  and  Erosion  of  the  Various 
Stratigraphic  Units  in  the  Mlllerstown  Quadrangle 


Formation 

Member 

Relative 

resistance 

Characteristic 
drainage  pattern 

Drainage 

density 

Mauch  Chunk 

low  to  moderate 

dendritic 

medium 

Pocono 

very  high 

trellis 

low 

Catskill 

moderate 

dendritic 

medium 

Trimmers  Rock-Harrell 

low  to  moderate 

dendritic,  trellis 

medium  to  high 

Mahantango 

low  to  high 

trellis 

medium 

Sherman  Ridge 

low 

trellis 

medium 

Montebello 

high  to  moderate 

trellis 

medium 

Fisher  Ridge 

low 

trellis 

medium 

Dalmatia 

moderate 

trellis 

medium 

Turkey  Ridge 

moderate 

trellis 

medium 

Marcellus 

low 

trellis 

high 

Onondaga 

very  low  to  low 

trellis 

low 

Old  Port 

moderate 

trellis 

low 

Keyset 

low 

trellis 

medium 

Tonoloway 

very  low 

dendritic 

low 

Wills  Creek 

very  low 

dendritic 

high 

Bloomsburg 

low 

dendritic 

high 

Mifflintown 

very  low 

dendritic 

medium 

Keefer 

moderate 

trellis 

low 

Rose  Hill 

moderate 

trellis,  dendritic 

medium  to  high 

Tuscarora 

very  high 

trellis 

low 

Juniata 

high  to  moderate 

trellis 

low 

Bald  Eagle 

moderate  to  high 

trellis 

low 
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the  quadrangle,  where  the  streamflow'  is  eastward  into  the  nearby  Susque- 
hanna River). 

I'he  drainage  pattern  is  well  developed,  consisting  of  both  dendritic 
and  trellis  patterns.  Drainage  patterns  vary  with  lithology  to  some  ex- 
tent, and  the  patterns  usually  associated  with  the  various  stratigraphic 
units  are  listed  in  Table  1.  Drainage  pattern  is  also  dependent  on  struc- 
ture; in  areas  of  moderate  to  steep  dip,  trellis  patterns  predominate, 
whereas  in  areas  of  low  dip,  dendritic  patterns  are  more  common. 

Drainage  density  is  predominantly  controlled  by  the  lithology  and  re- 
sistance to  w’eathering  and  erosion,  and  by  the  permeability  of  individual 
rock  units.  Stratigraphic  units  of  low  resistance,  such  as  shales  and  silty 
shales,  tend  to  have  high  drainage  densities.  Units  of  high  resistance, 
such  as  sandstones  and  quartzites,  exhibit  low  densities.  Limestones  pos- 
sess low  drainage  densities  because  so  much  of  the  drainage  is  under- 
ground rather  than  surface  flow.  The  characteristic  densities  for  the 
stratigraphic  units  exposed  in  the  quadrangle  are  listed  in  Table  1. 

PREVIOUS  WORK 

The  earliest  geologic  map  covering  the  Millerstown  quadrangle  was 
the  Geologic  Map  of  Pennsylvania  produced  by  the  First  Pennsylvania 
Cieologic  Survey  (Rogers,  1858).  The  southern  part  of  the  quadrangle 
(Perry  County)  was  remapped  at  a scale  of  1:125,000  during  the  Second 
Pennsylvania  Cieologic  Survey  by  Claypole  (1885)  and  the  northern  part 
([uniata  and  Snyder  Counties)  by  d'lnvilliers  (1891).  Dewees  (1878)  de- 
scribed the  iron-bearing  formations  ol  the  Juniata  Valley,  including 
those  in  the  Millerstown  quadrangle.  No  maps  of  this  quadrangle  have 
been  jjublished  at  a larger  scale  since  that  time,  although  Robinson 
(1957)  mapped  the  geology  of  the  southern  half  of  the  quadrangle.  A 
number  of  geologic  reports  dealing  with  the  rocks  and  mineral  resources 
occurring  in  tliis  (piadrangle  have  been  discussed  by  Schuchert  (1943) 
and  Merrill  (1961). 

.-\  program  ol  mapping  several  contiguous  quadrangles  in  central  Penn- 
sylvania at  a scale  of  1:24,000  was  started  by  the  Fourth  Pennsylvania 
Geologic  Survey  in  the  late  1950’s.  These  quadrangles  include  the  Loys- 
ville  (Miller,  1961),  Mifflintown  (Conlin  and  Hoskins,  1962),  New  Bloom- 
field (Dyson,  1963:  1967),  and  Millersburg  (Hoskins,  in  preparation)  (see 
Figure  2 for  the  locations  of  these  (juadrangles).  The  Millerstown  and 
Millersburg  quadrangles  are  the  last  to  be  ma|rped  under  this  program. 

Work  on  the  Millerstown  (juadrangle  was  begun  in  1963  Ity  J.  P.  Wil- 
shusen,  who  was  aided  by  Donald  M.  Hoskins  and  Lawrence  Frakes,  but 
was  suspended  after  one  year.  Mapping  was  recommenced  in  1965  by 
Rodger  T.  Faill,  who  was  joined  by  Richard  B.  Wells  in  1967. 
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STRATIGRAPHY 

Sedimentary  rocks  ranging  in  age  from  Late  Ordovician  through  Mis- 
sissippian  are  exposed  in  the  Millerstown  cpiadrangle.  Fins  sedimentary 
sequence  is  grossly  divisilile  into  two  clastic  intervals  separated  by  a 
thinner  nonclastic  carbonate  and  shale  group.  The  lower  clastic  interval 
includes  all  of  the  rocks  from  the  Upper  Ordovician  Bald  Eagle  Forma- 
tion through  the  Middle  Silurian  Bloomsburg  Formation.  This  is  over- 
lain  by  a thinner,  predominantly  carbonate  interval  comprising  the  Wills 
Creek,  Tonoloway,  Keyser,  Old  Port,  and  Onondaga  Formations.  1 he 
strata  above  the  Onondaga  are  entirely  clastic,  and  include  the  interval 
from  the  Middle  Devonian  Marcellus  Formation  to  the  Mississippian 
Mauch  Chunk  Formation.  Locally  derived  Pleistocene  soils  and  gravel 
deposits  are  present  in  the  cpiadrangle,  along  with  recent  unconsolidated 
materials. 

A description  of  each  formation  is  presented,  with  a discussion  of  the 
petrology,  thickness,  and  outcrop  characteristics.  I’erminology  for  bed- 
ding thickness  used  in  this  report  was  adapted,  with  modifications,  from 
McKee  and  Weir  (1953)  and  Ingram  (1954).  Beds  designated  very  thin 
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are  less  than  one  centimeter  thick,  thin  beds  range  from  1 centimeter  to 
two  inches  thick,  medium  beds  range  from  two  inches  to  two  feet  thick, 
thick  beds  range  from  two  to  four  feet  thick,  and  very  thick  beds  are 
thicker  than  four  feet.  The  crossbedding  classification  used  is  that  of 
Middleton  (1965),  and  color  designations  are  taken  from  the  Rock  Color 
Chart  (Goddard  and  others,  1948).  The  stratigraphic  units  in  this  quad- 
rangle are  summarized  in  Table  2 and  their  correlation  with  nearby 
areas  is  shown  in  Plate  4.  For  a more  detailed  discussion  of  the  develop- 
ment of  the  stratigraphic  nomenclature  and  correlations,  see  Schuchert 
(1943),  Miller  (1961),  Conlin  and  Hoskins  (1962),  Dyson  (1963,  1967),  and 
Oliver  and  others  (1969). 

The  total  thickness  of  rock  units  exposed  at  the  surface  in  the  Millers- 
town  quadrangle  is  approximately  18,250  feet  (5600  m). 


SYSTEMIC  BOUNDARIES 

1 he  arbitrary  time  lines  (actually  surfaces)  which  mark  the  Ordovi- 
cian/Silurian, Silurian/Devonian,  and  Devonian/Mississippian  systemic 
boundaries  have  uncertain  correlation  through  the  rock  units  in  central 
Pennsylvania  because  of  the  time-transgressive  nature  of  most  lithofacies 
and  biofacies  in  the  Appalachian  basin. 

In  this  report,  the  base  of  the  Tuscarora  Formation  is  considered  to 
mark  the  beginning  of  the  Silurian  Period,  more  out  of  respect  for  con- 
vention than  conviction.  I’he  location  of  this  boundary  has  never  been 
fully  resolved,  due  to  the  lack  of  fossils  in  both  the  Tuscarora  and  the 
underlying  Juniata  Formation.  The  Juniata-Tuscarora  contact  has  tra- 
ditionally been  mapped  as  the  systemic  boundary  in  central  Pennsyl- 
vania because  it  is  a distinctive,  mappable  contact  and  is  approximately, 
if  not  ])recisely,  correlative  with  the  true  systemic  boundary.  This  contact 
is  conformable  on  both  Tuscarora  Mountain  and  Shade  Mountain. 

The  precise  location  of  the  Silurian/Devonian  contact  in  the  Tonolo- 
way-Keyser-Old  Port  (Helderberg)  sequence  has  been  the  subject  of  an 
unresolved  controversy  for  some  time  (e.g.,  Ulrich,  1911;  Swartz,  1939; 
Swartz  and  Swartz,  1941;  Boucot,  1957;  Berdan  and  others,  1969).  Most 
recent  work  (Bowen,  1967)  indicates  that  the  Keyser  Formation  includes 
rocks  of  both  Silurian  and  Devonian  age.  The  boundary  is  conformable 
and  gradational  in  the  Millerstown  area. 

The  Devonian/Mississippian  boundary  is  somewhat  better  docu- 
mented, and  occurs  in  the  Spechty  Kopf  Member  of  the  Pocono  Forma- 
tion (Oliver  and  others,  1969).  I'his  boundary  is  located  largely  on  the 
basis  of  plant  fossils  studied  by  Read  (1955)  and  Wood  and  others  (1969). 

Apparently  sedimentation  was  continuous  in  the  area  across  all  three 
of  these  systemic  boundaries. 


Table  2.  Sequence,  Thickness,  and  General  Description  of  the  Geologic  (Joiumn  in  tne  iviiiiersiown  ^uaarangie 
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Onondaga  Formation  165'  (50  m)  Lower  part  is  mcdium-gray,  highly  hssile  shale  tiNeedmorc 

Don  Member),  calcareous  toward  the  top,  overlain  by 

Lower  medium-  to  dark-gray,  dense,  fossiliferous,  argillaceous, 

locally  carbonaceous,  microcrystallinc  limestone  (Selins- 
grove  Member). 
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Sm  bioclastic  and  micritic  to  microcrystallinc,  medium-  to 

thin-bedded,  planar-bedded  limestone. 
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Devonian  1 1,525  to  12,800  feet  (3,513  to  3,900  m) 

Silurian  3,400  to  3,700  feet  (1,036  to  1,128  m) 

Ordovician  (partial)  1,480  feet  (451  m) 

Total  19,805  to  21,430  feet  (6,037  to  6,532  m) 

Designates  unit  with  measured  section  in  the  quadrangle. 
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Most  ot  tlie  rock  formations  present  in  the  (|uatlrangle  represent  setfi- 
ments  deposited  in  environments  which  migrated  laterally  through  time. 
Thus,  the  formation  contacts  shown  on  the  geologic  map  and  cross  sec- 
tions do  not  delineate  time-rock  units,  d he  one  notable  exception  to  this 
is  the  d'ioga  bentonite,  which  essentially  marks  a time  plane  in  the 
Middle  Devonian  Series. 

ORDOVICIAN  SYSTEM 

Recent  papers  describing  the  older  Ordovician  strata  in  central  Penn- 
sylvania that  are  present  in  the  subsurface  of  the  Millerstown  cjuadrangle 
are:  McBride  (1962),  Mclver  (1970),  and  Carswell  and  others  (1968)  on 
the  Martinsburg  Formation:  Florowitz  (1965)  and  Thompson  (1970a)  on 
the  Reeds\ille  and  Bald  Eagle  Formations:  MacLachlan  (1967)  on  the 
carbonate  rocks:  and  Bretsky  (1969)  on  the  Martinsburg  and  Reedsville 
Formations. 


Bald  Eagle  Formation 

Name  and  Extent 

I'he  Bald  Eagle  Formation  is  the  oldest  rock  unit  present  at  the  sur- 
face in  the  quadrangle.  The  formation  was  named  by  Crabau  (1909) 
after  Bald  Eagle  Mountain  near  Tyrone  in  Blair  County,  Pennsylvania. 
Rogers  (1858)  had  previously  termed  the  Bald  Eagle  Eormation  the 
Levant  Gray  Sandstone.  Exposures  of  the  Bald  Eagle  are  restricted  to  the 
Valley  and  Ridge  province  in  central  and  southern  Pennsylvania.  A 
medial  conglomeratic  interval,  named  the  Lost  Run  Conglomerate  Mem- 
ber by  Swartz  (1955),  is  present  from  Tyrone  to  the  F.ost  Creek  area  on 
Shade  Mountain. 

The  Bald  Eagle  has  been  considered  by  some  (Willard  and  Cleaves, 
1939:  Miller,  1961:  Dyson,  1967)  to  be  a member  of  the  Juniata  Forma- 
tion. Although  its  contact  with  the  Juniata  is  gradational  and  variable 
(Thompson,  1970a),  it  is  felt  that  it  is  sufficiently  distinctive  from  the 
Juniata  to  be  considered  a separate  formation. 

Character 

Fhe  only  outcrop  of  Bald  Eagle  found  in  the  quadrangle  exposes  sand- 
stone and  conglomerate,  jjinkish-gray,  gray,  and  light-gray-brown,  very 
thick  bedded  (6  to  10  feet  or  1.8  to  3 m),  and  crossbedded,  with  pebbles 
of  (juartz,  quartzite,  sandstone,  and  chert  in  a matrix  of  medium-  and 
coarse-grained,  poorly  sorted  graywacke  sandstone.  Fhe  pebbles  are  well 
rounded  to  subangular,  and  generally  in  the  to  2 inch  (0.6  to  5 cm) 
size  range.  The  maximum  observed  pebble  diameter  is  three  inches  (7.6 
cm).  A reference  section  for  the  Lost  Run  Member,  along  Pa.  Route  235, 
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approximately  one  mile  (1.6  km)  west  of  the  west  edge  of  the  Millerstown 
quadrangle,  was  measured  by  Conlin  and  Hoskins  (1962). 

Krynine  and  Tuttle  (1911)  described  the  lithology  of  the  Bald  Eagle  as 
a typical  gray,  greenish,  or  black  graywacke,  which  in  places  is  con- 
glomeratic. They  reported  a consistent  petrographic  composition  of 
about  50  percent  angular  quartz  grains,  10  percent  clay,  3 to  5 percent 
feldspar,  40  percent  or  more  rock  fragments  (including  slate,  phyllite, 
argillite,  and  schist),  and  heavy  minerals  such  as  tourmaline,  zircon,  iron 
minerals,  hornblende,  and  kyanite.  Thompson  (1970b)  investigated  the 
red  color  in  the  upper  Ordovician  clastic  sediments  across  central  Penn- 
sylvania, and  concluded  from  the  nature  of  the  chlorite,  iron-oxide  con- 
tent, clay  minerals,  and  the  nature  of  the  recl-nonred  color  boundary  that 
the  Bald  Eagle  and  Juniata  Formations  are  both  part  of  the  same  sand- 
stone unit.  According  to  Thompson  (1970b,  p.  599),  “.  . . the  red  pigment 
was  diagenetically  removed  from  the  lower  (Bald  Eagle)  portions  of  an 
initially  all-red  sequence  by  aqueous  reduction  and  dissolution,  with 
generation  of  iron-rich  clay-mineral  phases  stable  in  a saturated  environ- 
ment.” 

Horowitz  (1969,  1971)  independently  arrived  at  the  same  conclusion,  i.e., 
that  the  red-nonred  color  boundary  in  the  Juniata  and  Bald  Eagle  (or 
Oswego)  is  of  diagenetic  origin.  Horowitz  (1971)  cited  evidence  that  the 
color  change  from  red  to  drab  involved  the  chemical  reduction  of  iron  by 
the  tq)ward  movement  of  solutions  which  originated  in  the  underlying 
Reedsville  shale.  The  migration  paths  of  these  reducing  solutions  were 
influenced  by  permeability  variations  within  the  rock,  and  by  the  influx 
of  meteoric  water  from  the  east  and  the  development  of  a hydraulic 
gradient  to  the  west. 

Outcrop  Area  and  Thickness 

The  Bald  Eagle  Formation  is  approximately  730  feet  (223  m)  thick  in 
the  reference  section  on  Shade  Mountain  described  by  Conlin  and  Hos- 
kins (1962).  This  formation  is  more  resistant  to  erosion  than  the  under- 
lying Reedsville  Formation,  and  forms  a prominent  secondary  ridge  in 
the  center  of  Shade  Mountain  for  about  ten  miles  (16  km)  westward  from 
Lost  Creek  in  the  Mifflintown  quadrangle. 

To  rm  at  ion  Bonn  da  ries 

Both  the  upper  and  lower  contacts  of  the  Bald  Eagle  are  concealed  in 
the  Millerstown  quadrangle.  Where  Kishacoqinllas  Creek  crosses  Jacks 
Mountain  some  17  miles  (27  km)  west  of  the  quadrangle,  the  contact 
with  the  underlying  Reedsville  Formation  is  conformable  and  grada- 
tional. The  contact  with  the  overlying  Juniata  Formation  is  grada- 
tional in  the  Mifflintown  quadrangle  (Conlin  and  Hoskins,  1962). 
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Age 

The  exact  age  of  the  Bald  Eagle  is  unknotvn  because  of  the  absence  of 
fossils.  An  age  assignment  of  Upper  Ordovician  (Cincinnatian)  has  been 
accepted  on  the  basis  of  stratigraphic  position  (I’wenhofel  and  others, 
1954).  Willard  (1943)  states  that  the  Bald  Eagle  and  [uniata  Eormations 
are  of  Maysville-Richmond  age  (medial  Cincinnatian  stages). 

Sedimentation 

The  petrographic  composition,  crossbedding,  channel  scours,  grain  size, 
and  bed  thickness  indicate  a nonmarine,  Iluvial  environment  of  dejjosi- 
tion  for  the  Bald  Eagle  Formation.  Ehe  conglomeratic  sandstone  of  the 
Lost  Run  Member  is  apparently  a braided-stream  or  alluvial-fan  deposit. 

Yeakel  (1959,  1962)  found  a consistent  northwestward  flow  direction 
indicated  by  the  sedimentary  structures,  principally  crossbedding,  in  the 
Bald  Eagle  and  Juniata  Formations.  Ihe  mean  diji  azimuth  for  more 
than  1700  crossbedding  measurements  at  60  localities  in  the  central 
Appalachians  was  300°.  This  paleoslope  direction  was  verified  by  a sys- 
tematic northwestward  decrease  in  the  average  maximum  jiebble  diam- 
eter in  the  conglomerates.  Yeakel  interpreted  the  Bald  Eagle  environ- 
ment as  a fluvial  coastal  plain  bordered  by  alluvial  Ians. 

Thompson  (1967)  reported  that  a change  from  marine  to  nonmarine 
sedimentation  occurs  within  the  Bald  Eagle  Formation.  This  marine 
regression  has  been  linked  to  the  Taconic  orogeny  (Willard,  1943  and 
Horowitz,  1966)  which  elevated  highland  source  areas  to  the  east  and 
southeast,  and  produced  a broad,  westward-thinning  wedge  of  detritus 
which  now  forms  the  Bald  Eagle,  Juniata,  and  Tuscarora  Formations. 
These  are  the  units  which  are  collecti\ely  referred  to  as  the  Mid-Paleo- 
zoic molasse  of  the  I’aconic  clastic  wedge  (Potter  and  Pettijohn,  1963). 

Horowitz  (1966)  related  the  deposition  of  the  Bald  Eagle  to  the  under- 
lying formations,  and  concluded  that  the  marine  regression  in  the  tij^per 
Ordovician  involved  the  progiading  of  a band  of  coalescing  small  deltas 
which  develojred  during  the  Laconic  uplift.  The  Bald  Eagle  may  repre- 
sent part  of  the  subaerial  topset  beds  of  these  coalescing  deltas. 

Jtiniata  Formation 

Xanie  and  Extent 

The  name  Juniata  Formation  was  propo,scd  by  Darton  and  Tati  (1896) 
for  rocks  lormerly  referred  to  as  Red  Medina  Sandstone  in  New  5’ork 
State  or  the  Levant  Red  Sandstone  in  Pennsylvania  (Rogers.  1858).  The 
Juniata  Formation  and  its  northern  etjuivalent,  the  Queenston  Shale, 
form  a broad  lens  of  red  sediments  that  stretches  horn  western  New  5’ork 
into  Tennessee  and  northern  Alabama. 
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Character 

The  Juniata  Formation  consists  ot  sandstone,  siltstone,  and  silty  clay- 
stone  in  various  shades  of  grayish  red.  The  sandstones  are  very  fine  to 
medium-  (and  locally  coarse)  grained,  poorly  sorted,  angular  to  sub- 
angular  graywacke  and  subgraywacke.  The  sand  typically  includes  about 
20  percent  fine-grained  rock  fragments,  up  to  15  percent  opaque  mineral 
grains,  and  20  percent  silt  and  clay  matrix,  and  contains  thin  zones  of 
grayish-red  shale  pebbles.  The  unit  is  generally  medium  bedded;  trough- 
type  crossbedding  is  common  (Figure  3). 

Outcrop  Area  and  Thickness 

The  Juniata  Formation  is  exposed  on  Shade  Mountain  anticline, 
underlying  the  crest  of  the  motintain  from  the  west  edge  of  the  quad- 
rangle to  the  Beavertown  Fire  Tower.  A good  exposure  of  part  of  the 
Juniata  can  be  seen  on  the  east  side  of  Pa.  Route  235  where  the  road 
crosses  Shade  iVIountain  five  miles  (8  km)  south  of  Beaver  Springs.  As 
calculated  from  the  geologic  map,  the  Juniata  is  approximately  1,100  feet 
(335  m)  thick  in  the  Millerstown  quadrangle.  Thickness  measurements 
of  the  Juniata  Formation  at  nearby  localities  are  presented  in  Table  3. 

Formation  Boundaries 

Both  the  upper  and  lower  contacts  of  the  Juniata  are  conformable  in 
this  area.  The  basal  contact  with  the  Bald  Eagle  Formation  was  discussed 
in  the  previous  section.  The  Juniata-Tuscarora  contact  at  Romig  Gap  is 
a transition  zone  approximately  60  feet  thick  consisting  of  interbedded 
grayish-red  argillaceous  sandstone  of  Juniata  affinity,  orthoquartzite 
typical  of  the  overlying  Tuscarora  Formation,  and  a transitional  lithol- 
ogy. These  transitional  beds  are  pink,  very  fine  to  medium-grained  ortho- 
quartzites which  are  informally  called  the  “pink  Tuscarora.” 

The  Juniata-Tuscarora  contact  zone  is  also  well  exposed  at  Run  Gap 
on  Tuscarora  Mountain  (Mifflintown  quadrangle). 

Age 

The  Jtiniata  Formation  has  traditionally  been  considered  to  be  Upper 
Ordovician  (Richmond  Stage,  Gincinnatian  Series).  This  age  assignment 
is  not  definitive  because  recognizable  fossils  have  not  been  found  in  it, 
nor  in  the  underlying  Bald  Eagle  Formation  (Yeakel,  1962).  The  Reeds- 
ville  Formation  which  underlies  the  Bald  Eagle  and  Juniata  in  this  area 
contains  a distinctive  fauna  of  late  Trenton  (Champlainian)  to  Mays- 
ville  (Gincinnatian)  age  (Willard,  1943).  The  overlying  Tuscarora  For- 
mation has  been  dated  at  Lower  Silurian  (Albion)  age  on  the  basis  of 
microfossils  (Gramer,  1969).  Thus  the  age  of  the  Juniata  is  bracketed  but 
not  defined. 
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Figures.  Ordovician  Juniata  Formation  exposed  on  east  side  of 
Pa.  Route  235  at  Romig  Gap  on  Shade  Mountain. 


Sedimentation 

1 he  lithologic  character,  sedimentary  structures,  and  absence  ot  fossils 
in  the  Juniata  indicate  that  this  formation  is  a nonmarine,  fluvial  or 
delta-plain  deposit.  This  interpretation  is  supported  by  the  work  ot 
Willard  (1943),  Folk  (1960),  and  others.  Veakel  (1959)  measured  a mean 
dip  azimuth  of  300°  on  2,254  sets  of  festoon  crossbeds  in  the  Juniata  in 
Pennsylvania  and  Maryland.  The  Juniata  sediments  were  dejxjsited  by 
streams  which  flowed  generally  northwestwaial  from  a source  area  which 
was  uplifted  during  the  Taconic  orogeny  (Stose,  1930).  The  broad  zone 
of  deposition,  which  separated  a rising  source  area  to  the  east  from  a 
shallow,  epeiric  sea  in  the  continental  interior  to  the  west  has  been  called 
the  Queenston  Delta  (LaPorte,  1968). 

I’hompson  (1970a)  concluded  that  both  the  Juniata  and  most  of  tlie 
underlying  Bald  Eagle  Formation  liad  a similar  primary  origin  in  a non- 
marine, fluvial  environment  of  deposition.  According  to  Rogers  (1958), 
the  Juniata  and  its  correlative,  tlie  Secpiatchie  Formation,  comjirise  a 
clastic  wedge  which  is  present  from  .Maliama  to  Quebec  and  reflects  the 
main  pulse  of  the  I'aconian  orogeny. 

SILURIAN  SYSTEM 

I he  rocks  of  the  Silurian  System  show  a genertil  decrease  in  grain  size 
from  medium-grained  sandstone  in  the  lower  j>art  to  chiy  shales  and 


Table  3.  Thickness  Velues  for  the  Ordovician  Juniata  Formation  in  Central  Pennsylvania 
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carbonates  in  the  upper  part.  A concoinitant  sliilt  in  dejjositional  en- 
vironments trom  fluvial  to  shallow  marine,  and  in  the  tectonic  setting  ol 
the  region  irom  a molasse  Irasin  to  a stable  shell  environment,  is  re- 
corded in  these  sediments. 

Age  assignments  ot  Silurian  lormations  are  gi\cn  in  terms  ol  the  tradi- 
tional Albion,  Xiagaran,  and  (iayugan  Series  as  defined  by  Swartz  and 
others  (1942)  and  correlated  with  the  Standard  Series  ot  Berry  and  Bou- 
cot  (1970)  (Table  4).  Ihe  Silurian  series  were  redefined  and  correlated 
with  the  type  European  series  by  Fisher  (1900),  who  recommended  that 
the  New  York  Silurian  be  used  as  the  standard  reterence  .section  tor  the 
L'nited  States,  as  it  had  been  since  the  earliest  subdivision  ot  the  NTw 
York  Silurian  succession  by  Cdarke  and  Schuchert  (1<S99)  and  Thamberlin 
and  Salisbury  (1905).  Berry  and  Boucot  (1970)  suggest  that,  since  the 
Silurian  faunas  are  relatively  cosmopolitan  (at  least  throughout  the 
northern  hemisphere),  and  the  bulk  ol  the  resised  series  and  stages  ol 
Fisher  (1960)  are  relatively  untossiliterous  (except  tor  the  mitldle  part)  and 
ot  local  use  only,  the  European  Standard  Series  shoidd  be  utilized  lor 
correlation  in  North  .America. 

The  sequence  of  Silurian  formations  and  their  correlations  are  shown 
on  the  (Correlation  (Chart  (Plate  4),  and  the  age  relationships  ol  the 
Silurian  units  are  shown  in  d’able  4.  d'he  assignment  ot  Silurian  torma- 
tions  as  "Fower,"  “Middle,"  or  “Ujjper”  Silurian  is  an  arbitrary  device 
which  has  not  been  used  consistently  in  ditferent  quadrangles  in  the  area 
(see  footnote  4 on  Plate  4 for  the  exact  usage  on  dilierent  maps).  For  the 
sake  ot  convenience,  in  the  Millerstown  cjuadrangle,  the  Tuscarora 
Formation  is  considered  to  be  the  Fower  Silurian,  the  Rose  Hill,  Keefer, 
Mifflintown,  and  Bloomsburg  Formations  are  the  Middle  Silurian,  and 
the  Wills  Creek,  Tonoloway,  and  jjart  of  the  Keyset'  Formation  are  the 
Flpper  Silurian.  For  more  precise  age  assignments,  each  unit  is  referred 
to  a Silurian  series  in  the  text. 

The  Tuscarora,  Rose  Hill,  and  Keefer  Formations  are  clastic  units 
composed  largely  of  interbedded  sandstone  and  shale.  The  Mifflintown, 
Bloomsburg,  and  "Wills  Creek  are  primarily  interbedded  limestone,  shale, 
and  silty  claystone,  and  the  Tonoloway  and  Keyset'  are  lintestone 
formations. 

d'he  Silurian  System  is  approximately  3100  to  3700  feet  (1036  to 
1128  m)  thick  in  the  Millerstown  quadrangle. 

Tuscarora  Formation 

Xarne  and  Extent 

d'he  name  d'uscarora  was  first  applied  Ity  Darton  and  d'aff  (1896)  to 
480  feet  (146  nt)  of  white  or  gray,  ntassive  cjuartzite  which  overlies  the 
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Table  4.  Subdivisions  of  the  Silurian  System 

Column  1 shows  the  traditional  age  assignments  of  Swartz  and  others  (1942);  column  2 
correlates  the  American  Standard  Series  with  the  type  European  Series.  Column  3 
represents  current  usage,  as  defined  bv  Berry  and  Boucot  (1970). 


Swartz  aod  others,  1942  Fisher,  1960  Berry  and  Boucot,  1970 


STANDARD 

SERIES 

FDRMATIONS 

Pridol  i 

Keyser 

Tonoloway 

Wills  Creek 

Ludlow 

Bloomsburg 

Wenlock 

Miff  lintown 

Llandovery 

Rose  Hill 

T uscarora 

SERIES 

FORMATIDNS 

Cayugan 

Keyser 

Tonoloway 

Wills  Creek 

Bloomsburg 

Niagaran 

Me  Kenzie 

y///////////A 

Rochester 

Keefer 

Rose  Hill 

Albion 

Tuscarora 
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Juniata  Formation  in  the  central  A])palachian  Mountains.  No  type 
locality  was  projjosed,  but  apparently  the  name  was  derived  trom  Tusca- 
rora  Mountain  (Plate  3).  This  formation  has  previously  been  referred  to 
as  the  Wdiite  Medina  or  the  Levant  Wliite  Sandstone  (Rogers,  185S). 
The  Tuscarora  is  currently  recognized  from  Pennsylvania  to  \drginia 
and  West  Virginia. 

Character 

Fhe  Tuscarora  Formation  consists  of  an  interbedded  sequence  of 
orthoquartzite  and  shale  (Figure  4).  The  orthoquartzite  is  very  fine  to 
medium  grained,  medium  to  light  gray  and  light  olive  gray,  and  tightly 
cemented  with  silica.  (The  color  of  the  (juartzite  tends  to  lade  on 
weathered  surfaces,  which  commonly  appear  whitish;  this  has  led  to  the 
common  description  of  the  Tuscarora  as  a “white  quartzite.'')  Fhe  shale 
is  medium  gray  and  medium  olive  gray,  silty  to  very  finely  sandy,  non- 
calcareous,  thin  to  very  thin  bedded  and  poorly  fissile.  The  quartzite 
beds  contain  occasional  angular  to  discoidal  shale  pebbles,  to  2 inches 
(0.6  to  5 cm)  in  diameter,  which  are  lithologically  similar  to  the  under- 
lying shale  beds.  Both  the  orthocjuai  tzites  and  shales  are  locally  limo- 
nitic,  having  a rust-colored  stain  on  weathered  surlaces.  A detailed  de- 
scription of  the  upper  half  of  the  Tuscarora  Formation  at  Millerstown  is 
given  in  Appendix  I,  and  chemical  analyses  of  this  unit  are  presented 
in  Appendix  II.  The  lithologic  composition  of  the  Fuscarora  Formation 
in  the  Millerstown  section  is  given  in  Table  5. 

Petrographically,  the  Tuscarora  quartzites  are  composed  of  9,6  to  99  + 
jrercent  detrital  quartz  grains  and  silica  cement.  Grain  shape,  which  is 
usually  not  visible  in  a hand  sam|)le  due  to  the  cementation,  ranges  from 
angular  to  well  rounded,  with  a fair  correlation  of  degree  of  roundness 
with  increasing  grain  size.  Grain  contacts  are  generally  suturetl  and 
embayed,  and  the  extinction  is  slightly  to  highly  undulose.  Other  con- 
stituents present  are  detrital  rock  fragments,  illite,  sericite,  clay,  and 
various  accessory  minerals. 

The  thickness  of  indi\idual  cjuartzite  beds  is  highly  variable,  but  is 
ordinarily  between  two  inches  and  two  feet  (0.05  to  0.6  m)  with  a maxi- 
mum thickness  of  3 leet  (1.0  m).  Quartzite  beds  in  the  Tuscarora  are  sub- 
ject to  abrupt  lateral  changes  in  thickness  (Figure  5),  and  crossbedding 
is  common.  Grossbedding  is  mainly  trough  type,  with  planar-type  cross- 
bedding and  parallel  lamination  locally  prominent.  No  systematic  study 
of  the  vectorial  properties  of  sedimentary  structures  was  done  lor  this 
report,  but  a strikingly  persistent  northwest  dip  direction  was  noted  in 
the  crossbeds. 

'Fhe  distinctive  “pink  Tuscarora,’’  which  occurs  in  the  lower  50  Icet 
(15  m)  of  the  formation,  consists  of  pale-red  to  gTayish-red-]nirple  ortho- 
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milli-:rstown  quadrangle 


Figure  4.  Detail  of  typical  Tuscarora  Formation,  quartzite  and 
shale  beds.  Units  17,  18,  and  19,  Millerstown  Silurian 
section  (Appendix  I,  locality  1). 


quartzite  and  subgiaywacke,  which  is  very  fine  to  coarse  grained,  sili- 
ceous, slightly  hematitic,  and  locally  contains  shale  pebbles.  Sorting  is 
highly  variable,  ranging  from  poor  to  excellent.  Compared  to  the  typical 
Juniata  lithology,  the  “pink  I'uscarora’’  has  better  sorting,  more  siliceous 
cement,  and  a lighter  color.  Quartz  grains  in  the  “pink  Tuscarora”  tend 
to  be  stained  with  hematite,  so  that  in  hand  samples  they  appear  to  be 
rose  quartz  rather  than  clear  quartz. 

The  Tuscarora  Formation  is  essentially  nonlossiliferous,  except  for  the 
trace  fossil  ArtJirophycus  alleghenensis.  These  ichnofossils  occur  as 
bundles  or  radial  groupings  of  arcuate  cylindrical  burrows  w'hich  have 
regularly  spaced  transverse  ridges  (Figure  6a).  They  occur  on  the  basal 
surfaces  of  quartzite  beds,  with  the  longitudinal  axes  of  the  tubes  lying 
in  a plane  parallel  to  the  sandstone-shale  interface.  The  significance  of 
these  fossils  as  indicators  of  depositional  environments  or  geologic  age 
has  yet  to  be  established.  Commonly  the  ArtJirophycus  tuljes  will  branch 
irregularly  or  cross  each  other  without  intersecting,  as  though  they  were 
superimposed,  discrete  cylindrical  objects  rather  than  burrows  (Figure 
6b).  The  latter  variety  was  called  Fucoides  Allaghenensis  [sic]  by  Taylor 
(1834),  who  considered  them  to  be  petrified  marine  plants.  More  re- 


Table  5.  Lithologic  Composition,  Millerstown  Silurian  Section 

(See  Appendix  1 for  description  of  units.) 
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Figure  5.  Tuscarora. Formation  exposed  on  the  east  side  of  U.S. 

Route  22-322  north  of  Millerstown,  Perry  County.  Promi- 
nent quartzite  bed  in  foreground  occupies  a channel 
scourwhich  cuts  out  several  feet  of  the  underlying  beds. 
View  looking  east;  channel  is  in  unit  11,  Millerstown 
Silurian  section  (Appendix  I,  locality  1). 


cently,  Hantzschel  (1962)  and  Seilacher  (1955)  suggested  that  they  are 
feeding  tubes  constructed  by  burrowing  organisms. 

Cramer  (1969)  investigated  the  palynology  of  the  Rose  Hill  and  Tusca- 
rora Formations  at  Millerstown,  and  reported  finding  Acritarch  and 
Chitinozoan  palynomorphs  in  the  shale  beds.  Acritarchs  are  acid-in- 
soluble organic  microfossils  of  unknown  affinity,  which  are  thought  to 
have  had  a planktonic  (free-floating,  aquatic)  habit  because  of  their 
similarity  to  modern  planktonic  dinoflagellates.  The  chitinozoans  are 
cylindrical  or  bell-shaped  chitinous  foraminifera  (Collinson  and  Schwalb, 
1955). 

Outcrop  Area  and  Thickness 

The  Tuscarora  Formation  is  one  of  the  more  resistant  units  in  the 
Valley  and  Ridge  province  and  underlies  the  two  most  prominent  ridges 
in  the  quadrangle.  Shade  Mountain  and  Tuscarora  Mountain.  These 
mountains  are  ijoth  doul)ly  plunging  anticlines.  On  Tuscarora  Moun- 
tain it  underlies  both  the  crest  and  flanks,  whereas  on  Shade  Mountain  it 
undeilies  the  flanks,  having  been  eroded  from  the  crest  for  most  of  its 
length.  Tuscarora  exposures  are  generally  poor  on  these  ridges,  because 
the  weathered  float  forms  a thick  scree  deposit  on  the  forested  slopes. 
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Figure  6.  Two  varieties  of  burrows  from  the  Tuscarora  Formation 
at  Millerstown,  Perry  County.  These  are  sole  markings 
which  occur  on  the  undersides  of  quartzite  beds.  Scale 
in  inches,  (a)  Arthrophycus  alleghenensis,  (b)  Fucoides 
alleghenensis. 
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The  best  Tuscarora  exposure  is  along  U.S.  Route  22-322  one  mile 
(1.6  km)  north  of  Millerstown  (Figures  5,  7,  53,  and  100).  The  upper  270 
feet  (82  m)  of  the  Tuscarora  is  exposed  at  this  locality,  which  is  about 
half  of  the  total  thickness  of  the  formation. 

The  thickness  of  the  Tuscarora  Formation  in  the  Millerstown  quad- 
rangle ranges  from  approximately  550  feet  (168  m)  on  Tuscarora  Moun- 
tain to  700  feet  (213  m)  on  Shade  Mountain.  Table  6 lists  the  thickness 
of  the  Tuscarora  at  nearby  localities.  An  isopach  map  of  the  formation 
(Woodward,  1941)  shows  that  it  is  an  elongate,  lens-shaped  body  of  quartz- 
ite and  sandstone  which  trends  northeastward,  approximately  parallel 
to  the  present  structural  trend  of  the  Appalachians.  As  shown  on  litho- 
facies  and  isopach  maps  (Cate,  1965)  and  cross  sections  (Folk,  1960),  the 
Tuscarora  thickens  and  coarsens  eastward  across  the  State  and  becomes 
the  conglomeratic  Shawangunk  Formation  in  the  vicinity  of  the  Dela- 
ware River. 

Formation  Boundaries 

Both  the  upper  and  lower  contacts  of  the  Tuscarora  Formation  are 
conformable  and  interbedded.  The  nature  of  the  basal  contact  was  dis- 
cussed previously  in  the  Juniata  section.  I’he  contact  with  the  overlying 


Figure  7.  Silurian  Tuscarora  Formation  exposed  in  Tuscarora 
Mountain  anticline  on  the  east  side  of  the  Juniata 
River  a mile  northwest  of  Millerstown,  Perry  County. 
Viewed  from  the  north.  Millerstown  Silurian  section 
begins  with  the  lowest  beds  exposed  on  the  upper 
bench,  which  carries  the  northbound  lane  of  U.S.  Route 
22-322. 
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Rose  Hill  Formation  is  mapped  at  the  top  ol  the  highest  prominent 
light-gray  qnart/ite  bed.  A few  thin  beds  of  I’nscarora  lithology  occur 
slightly  higher  in  the  section,  and  some  shale  and  siltstone  beds  similar 
to  those  in  the  Rose  Hill  are  j^resent  below  this  horizon.  At  the  Millers- 
town  Silurian  section  (Appendix  I,  locality  1)  the  base  ot  the  Rose  Hill 
consists  of  greenish-gray  argillaceous  sandstone  which  forms  a prominent 
ledge  four  feet  (1.2  m)  thick.  This  sandstone  is  probably  the  equivalent 
of  the  Castanea  Sandstone,  which  is  better  developed  to  the  northwest, 
and  is  reported  to  be  72  leet  (22  m)  thick  in  Kishacoqiullas  Gap  in  jacks 
Mountain  (Swartz,  1934). 

Age 

I’he  Tuscarora  Formation  has  been  assigned  to  the  Llandovery  Series 
(Lower  Siltirian  Series)  by  Berry  and  Boucot  (1970).  However,  the  ab- 
sence of  megatossils  in  this  setjuence  led  Yeakel  (19.59)  to  suggest  that 
“ft  is  impossible  to  establish  time  lines  in  the  wedge  of  clastic  sediments 
derived  from  the  Taconic  uplift  in  the  central  Appalachians.  The  ob- 
vious change  in  the  depositional  framework  began  with  the  Bald  Eagle, 
but  because  this  is  based  on  jjhysical  evidence  it  need  not  necessarily 
correspond  to  the  paleontologically  establishetl  Ordovician-Silurian 
boundary.”  Cramer  (1969)  was  able  to  obtain  fossil  spores  and  pollen 
from  the  shales  in  the  upper  part  of  the  Tuscarora,  and,  on  the  basis  of 
the  phytoplankton  assemblages,  confirmed  a later  lower  Llandovery  age, 
ecjuivalent  to  graptolite  zones  18  through  20  (Cramer,  personal  commun., 
1970). 

Sedimentation 

I'he  coarseness  and  “cleanness”  of  the  Tuscarora  (juartzites,  and  the 
presence  of  well-rounded  quartz  grains,  suggest  deposition  in  a relatively 
high  energy  environment.  Most  recent  stratigraphic  and  sedimentological 
studies  suggest  that  this  environment  was  nonmarine  and  fluvial  (Thom- 
son, 1957;  Yeakel,  1962;  Horowitz,  1965;  Smith,  1967).  Evidence  cited  to 
supjmrt  this  interjjietation  includes  tabular  sets  of  crossbeds,  consistent 
dip  directions  of  the  crossbeds,  thin,  lenticular  siltstones  and  shales, 
irregidar  bedding  surfaces,  wide  variation  in  grain  size  and  bed  thick- 
ness, abundant  ctit-and-fill  structures,  the  presence  of  shale  pebbles  and 
current  crescents,  and  the  systematic  decrease  in  maximum  pebble  size 
in  the  direction  of  crossbedding  dip  vectors. 

Yeakel  (1962)  reported  a mean  dip  azimuth  of  322°  from  measure- 
ments ot  6,753  crossbeds  in  the  Tuscarora.  This  direction  is  parallel  to 
the  paleoslope  direction  as  determined  by  independent  criteria,  includ- 
ing sand-shale  ratios,  thickness  measurements,  and  the  decrease  in  maxi- 
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mum  peiible  si/e.  riiomson  (1957)  hud  delected  similar  palecjcurreiu 
directions  in  the  I'uscarora-correlative  .Shawangunk  and  (ireen  Pond 
Formations  in  New  Jersey. 

Smith  (1969,  1979)  suggested  that  systematic  changes  in  ratios  ol  bed 
torms  in  the  Tuscarora  in  a northwesterly  direction  rcllect  a change  in 
deposition  trom  longitudinal  to  tran.sverse  stream  channel  bars  down  tlie 
paleoslope.  T his  change  probalily  coincides  with  a transition  Irom  an 
alluvial-fan  to  coastal-plain  en\  ironment. 

Folk  (1960),  in  a study  of  the  petrogra}ihy  ot  the  Tuscarora  in  eastern 
West  Virginia,  concluded  that  it  was  de|)osited  in  a high-energy  Ijeacli 
environment  in  tluit  area.  T his  interpretation  is  l)ased  largely  on  tlie 
rounding  ol  the  cjuart/  grains,  destruction  of  solt  metamorphic  rock  frag- 
ments, winnowing  ol  the  silt  and  clay  matrix,  and  sorting  ol  the  sand 
fraction.  Folk  (1960),  Knight  (1969)  and  Hartenstein  (1967)  sliow  the 
Tuscarora  intertonguing  with  marine  sediments  to  the  west,  toward  the 
Ohio  border.  Hartenstein  (1967)  and  Knight  (1969),  in  regional  studies 
of  the  lower  .Silurian  sandstones,  obseived  that  in  western  Pennsylvania 
the  I'uscarora  and  .Medina  sandstones  weie  deposited  in  a seiies  ol 
coalescing  deltas  and  became  progressis el v more  imu  ine  westward,  d'hese 
sandstones  grade  lateralis  into,  and  at  e ovei  lain  by.  fme-gi  ained  marine 
elastics  and  carbonates,  thus  shosving  a complete  iiansition  Irom  non- 
marine to  marine  ensironments  acioss  the  State. 

■Most  of  tlie  sedimentary  structures  cited  abose  as  evidence  ol  llusial 
deposition  are  present  in  the  d'uscaroia  Formation  at  Millerstown.  Sedi- 
mentary structures  typical  ot  recent  beach  deposits,  piimaiily  thick, 
pat  allel-laminated  sands  (d'hompson,  1957),  are  not. ibis  lacking  liere. 
com]Knison  ot  the  sediment  and  sedimentary  structures  on  modern 
coastal  beaches  in  .Massachusetts  and  Delasvare  (see  Kralt,  196S;  H.iyes, 
1969)  svith  tlie  Tuscaror.i  does  not  lavor  a beach  intei  pretaiion  for  this 
formation  in  the  .Millerstosvn  area.  I hits  the  svriters  lasoi  a flusi.d 
(braided  stream)  origin  lot  the  Tuscarora  .it  this  localitv. 

Ro.se  Hill  Forniation 

Xanie  and  Extent 

I'lie  name  Rose  Flill  Formation  svas  proposed  by  Ssvai  t/  (1923)  lor  “all 
the  beds  betsveen  the  top  ol  the  Fuscarora  and  the  bottom  ot  the  Keeler 
Sandstone  in  Maryl.md.  ’ d’he  name  has  since  been  ap])licd  throughout 
the  central  .\]i|)alachians  liom  Pennsylvania  to  easiei  n d'ennessee. 
I hroughout  this  region,  the  Rose  Hill  is  generally  included  in  the  (din- 
ton  (irouji  which  comprises,  in  ascending  order,  the  Rose  Hill  Forma- 
tion, the  Keefer  Sandstone,  and  the  Rochester  Shale. 

d’wo  thin,  heniatitic  sandstone  units,  relerred  to  as  “iron  sandstones,” 
occur  in  the  Rose  Hill  in  the  .Millerstown  cpi.idrangle.  I he  lower  iron 
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sandstone  is  the  Cabin  Hill  Member  (Miller,  1961),  and  the  upper  is  the 
Center  Member  (Swartz  and  Swartz,  1931).  Iron-bearing  sandstones  occur 
in  the  Rose  Hill  throughout  the  Appalachians,  but  they  vary  in  number, 
thickness,  and  stratigraphic  position  from  one  locality  to  another  and 
are  not  generally  correlative  over  long  distances.  Several  of  these  iron 
sandstone  units  were  given  local  names  by  early  workers  in  this  area. 
Figure  8 shows  the  stratigraphic  position  of  these  units,  and  the  relation- 
ship of  the  earlier  terminology  to  current  usage. 

The  terms  “lower  shaly  member,’’  “middle  shaly  member,’’  and  “upper 
shaly  member’’  are  used  informally  to  designate  the  intervals  of  the  Rose 
Hill  below,  between,  and  above  the  iron  sandstones. 

Character 

The  Rose  Hill  Formation  in  the  Millerstown  area  is  predominantly 
light-olive-gray  shale,  with  two  grayish-red  to  reddish-black  sandstone 
members  (Millerstown  Silurian  section,  Apj^endix  1,  locality  1).  See 
Taljle  5 for  the  lithologic  distribution  of  the  Rose  Hill  at  this  locality. 

d’he  lower  shaly  member  consists  predominantly  ol  medium-light-gray 
and  light-olive-gray  shale  which  is  generally  very  finely  silty,  subwaxy, 
and  fairly  to  poorly  fissile.  Approximately  20  percent  of  this  unit  con- 
tains interbedcled  light-olive-gray  to  medium-light-gray  siltstone,  which  is 
slightly  argillaceous  and  siliceous,  thin  to  very  thin  bedded  and  ripple 
marked. 

I'he  middle  shaly  member  is  mainly  shale  and  siltstone  similar  to  the 
lower  member,  but  locally  it  becomes  slightly  calcareous  and  tossiliferous. 

The  shales  of  the  upper  shaly  member  tend  to  be  medium  dark  gray, 
are  locally  micaceous  and  calcareous,  and  contain  a significant  amount 
(approximately  one-third)  of  interbedded  limestone  (Figure  9).  The  lime- 
stones are  medium-light-gray  to  medium-dark-gray  bioclastic  calcarenites 
which  are  thin  bedded,  planar  bedded,  and  locally  pyritic.  The  skeletal 
material  present  usually  consists  of  broken  and  unidentifiable  shell  frag- 
ments, but  locally,  well-preserved  pelecypods,  bryozoans,  brachiopods, 
and  trilobites  are  present.  Specimens  of  the  trilobite  genera  Calymene, 
Liocalymene,  and  Dalmanites  have  been  identified  in  the  upper  shaly 
member  at  Millerstown. 

The  “iron  sandstones”  are  dark-reddish-gray  to  blackish-red  sandstone 
and  sandy  siltstone,  with  interbedded  gray  to  red  shales.  The  sand  is  very 
fine  to  coarse  grained,  subrounded  to  angular,  and  poorly  sorted,  with 
up  to  20  percent  hematitic  clay  matrix.  Opaque  mineral  grains,  predom- 
inantly pyrite  and  magnetite,  are  generally  present  in  amounts  less  than 
2 percent.  These  sandstones  are  irregularly  tiiin  to  medium  bedded,  and 
commonly  occupy  lenses  and  laminae  in  the  enclosing  shales  (Figure  10). 
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igure  8.  Stratigraphic  terminology  and  suggested  correlation  of  the  Silurian  iron-bearing  strata  in  cen 
tral  Pennsylvania. 
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Figure  9.  Upper  shaly  member  of  the  Rose  Hill  Formation  exposed 
on  the  north  side  of  U.S.  Route  22-322  northwest  of 
Millerstown,  Perry  County  (unit  96,  Millerstown  Silurian 
section,  Appendix  I,  locality  1).  The  thin,  blocky  beds  are 
medium-gray  bioclastic  calcarenitic  limestone  with 
interbedded  gray  shale. 


Ripjale  marks  and  flaser  bedding  are  common  and  a gieat  variety  of 
miscellaneous  twiglike  burrows  and  other  sole  markings  are  found  where 
the  sandstones  overlie  shale  beds.  Chemical  analyses  of  composite  sam- 
ples from  the  iron  sandstones  in  the  Millerstown  section  (Appendix  II) 
indicate  a total  iron  content  of  10.4  percent  in  the  Cabin  Hill  Member 
and  8.2  percent  in  the  Center  Member. 

Outcrop  Area  and  Thickness 

The  Rose  Hill  Formation  underlies  the  flanks  of  the  two  major  anti- 
clinal mountains  in  the  quadrangle,  Tuscarora  Mountain  and  Shade 
Mountain.  The  iron  sandstones  of  the  Rose  Hill  are  fairly  resistant  to 
erosion,  and  underlie  secondary  ridges  which  parallel  the  mountain 
crests  on  the  south  side  of  both  Tuscarora  Mountain  and  Shade  Moun- 
tain (see  frontispiece).  In  the  hinge  of  the  Tuscarora  anticlinorium,  east 
of  the  Juniata  River,  the  Rose  Hill  forms  Slaughterback  Hill  in  which 
the  iron  sandstone  members  are  locally  well  exposed. 
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Figure  10.  Flaser  bedding  in  the  lower  iron  sandstone,  Cabin  Hill 
Member  of  the  Rose  Hill  Formation,  exposed  on 
Slaughterback  Hill  at  Millerstown,  Perry  County. 


The  thickness  of  the  members  of  the  Rose  Hill  Formation  at  Millers- 
town are: 


upper  shaly  member 

116  feet 

(35  m) 

Center  Member 

79  feet 

(24  m) 

middle  shalv  member 

360  feet 

(110  m) 

Cabin  Hill  Member 

121/2  feet 

(4  m) 

lower  shaly  member 

379  feet 

(116  m) 

Total  Rose  Hill  Formation 

947  feet 

(289  m) 

The  thickness  of  the  Rose  Hill  in  nearby  areas  is  given  in  Table  7. 
Formation  Boundaries 

The  basal  contact  of  the  Rose  Hill  Formation  is  conformable,  as  dis- 
cussed above.  The  upper  contact  of  the  Rose  Hill  (with  the  Keeler  For- 
mation) is  conformable  and  transitional  through  the  upper  foot  of  unit 
72  of  the  Rose  Hill  in  the  Millerstown  section. 

Age 

The  Rose  Hill  Formation  was  originally  assigned  to  the  Middle 
Silurian  (basal  Niagaran  Series)  on  the  basis  of  a fauna  dominated  by 
the  brachiopod  Ceolospira  hernispherica  and  the  trilobite  Calyrnene  cres- 
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apensis  (Swartz,  1923).  llie  inicroiossils  toiind  l)y  Caamer  (I9()9)  in  the 
Rose  Hill  at  Millerstown  confiiiu  an  upper  Llandovery  age  lor  the  for- 
mation, as  shown  by  Berry  and  Boncot  (1970). 

Sedimentation 

The  combination  of  light-olive-gray  shales  containing  ripple-marked 
silt.  Baser  betiding,  and  trilobites,  bioclastic  limestones  which  have  a 
pelecypod,  bryozoan,  and  brachiopotl  ianna,  and  red,  poorly  sorted  sand- 
stones observed  in  the  Rose  Hill  suggest  that  it  was  deposited  in  littoral 
to  epineritic  marine  environments.  The  ripple  marks  and  Baser  betiding 
indicate  water  depths  above  wave  base,  probably  in  the  intertidal  zone. 
'Lite  burrows  in  the  sandstones  also  suggest  shallow,  although  not  neces- 
sarily intertidal  water,  and  the  red  color  of  the  sandstones  indicates  that 
oxidizing  conditions  prevailed.  Lhe  upward  increase  in  calcium  carlton- 
ate  and  fossil  content  in  the  lormation  suggests  that  tlie  water  became 
clearer,  and  perhaps  slightly  deeper,  as  sedimentation  proceeded. 

■Smith  (1968)  and  Smith  and  Satinders  (1979)  discuss  the  Rose  Hill 
Formation  at  Schtiylkill  Chip,  some  60  miles  (97  km)  east  ot  Millerstown, 
and  stiggest  that  there  the  Rose  Hill  is  a littoral  (tidal-flat  and  lagoonal) 
deposit,  and  that  open-marine  conditions  prevailed  to  the  northwest. 
Folk  (1960)  and  Pierce  (1966)  conclude  that  the  Rose  Flill  in  south- 
central Pennsylvania  and  northeastern  WTst  \'irginia  was  deposited  in  a 
neritic  marine  to  brackish-water  environment.  I’he  inlerred  ptdeogeog- 
raphy  for  the  .\p]jalachian  geosyncline  during  the  deposition  ot  the  Rose 
Hill  is  that  of  a shallow  shelf  or  epicontinental  se;i,  bordered  on  the  east 
by  a low-lying  source  areti,  with  a broticl  tidal-lhit  and  lagoonal  area  be- 
tween the  two. 

The  iron  sandstones  indicate  times  when  coiirser  sediment  was  being 
supplied  to  the  area,  in  an  environment  which  was  prcjbably  similar  tcj 
that  which  prevailed  when  the  shales  and  claystones  were  accumulating. 
Folk  (1960)  suggests  that  the  iron  sandstones  were  deposited  in  shallow, 
nearshore  marine  environments,  and  that  the  Indk  ol  the  iron  was  pre- 
cipitated close  to  shore,  under  oxidizing  conditions,  near  the  mouths  of 
large  rivers.  Hunter  (1970)  elaborated  on  the  oiigin  ol  the  iron,  and 
concluded  that  most  of  the  iron  evas  precipitated  as  oolitic  coatings  on 
sand  grains  ]jrior  to  final  deposition,  and  later  recrystallized  cjr  dissolved 
and  re-precipitated  as  interstitial  hematite. 

Miller  and  Folk  (1955)  observed  that  the  red  intervals  in  the  Rose  Hill 
and  other  loiniations  consistently  contain  magnetite  and  ilmenite,  while 
these  minerals  are  absent  Irc^m  nonrecl  strata  in  these  units,  and  are  also 
absent  from  ncmretl  zones  within  the  red  beds.  Fhey  cone  hide  that  the 
formation  of  red  beds  depends  primarily  on  the  presence  of  an  igneous  or 
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metamorphic  source  which  supplies  detrital  magnetite  and  ilmenite  and 
is  only  indirectly  dependent  on  climate  or  environment  of  deposition. 
Magnetite  is  a common  constituent  of  the  Rose  Hill  iron  sandstones,  but 
no  ilmenite  was  detected  in  samples  from  the  Millerstown  quadrangle. 

Keefer  Formation 

Name  and  Extent 

The  earliest  available  reference  to  the  Keefer  is  that  of  Ulrich  (1911), 
who  does  not  cite  any  type  locality  but  rather  implies  that  the  term  had 
been  in  general  use  prior  to  that  time.  The  name  “Keefer”  was  derived 
from  Keefer  Mountain  in  Franklin  County,  Pennsylvania,  where  the  for- 
mation is  25  feet  thick  (Swartz,  1923).  The  Keefer  sandstone  has  been 
considered  the  basal  member  of  the  McKenzie  Formation  (Stose  and 
Swartz,  1912),  and  of  the  Mifflintown  Formation  (Miller,  1961).  However, 
because  the  Keefer  is  a distinct,  mappable  unit  in  central  Pennsylvania, 
DeWitt  and  Colton  (1964)  proposed  that  it  be  considered  a separate  for- 
mation. Therefore,  in  this  report,  the  name  “Keefer  Formation”  refers  to 
the  sandstone  unit  which  overlies  the  Rose  Hill  Formation  and  underlies 
the  Mifflintown  Formation  (in  the  restricted  sense).  The  local  correlation 
of  the  Keefer  Formation  is  shown  in  Plate  4. 

The  Keefer  is  present  throughout  central  and  south-central  Pennsyl- 
vania, and  extends  into  western  Maryland  and  northeastern  West  Virginia. 

Cha  racter 

I’he  Keefer  Formation  consists  predominantly  of  silicified,  fossiliferous 
sandstone,  hematitic,  oolitic  sandstone,  and  minor  intervals  of  shale.  (See 
Figures  11  and  12,  Table  5,  and  the  measured  section  description  in 
Appendix  1.)  The  sandstone  is  light  gray  to  dark  gray,  commonly 
mottled,  and  weathers  to  very  light  gray  or  white.  It  is  very  fine  to  coarse 
grained,  silty,  locally  conglomeratic,  very  thin  to  very  thick  bedded  and 
crossbedded,  and  commonly  contains  ripple  marks,  burrows,  occasional 
flaser  Itedding,  and  shale  pebitles.  I’he  detrital  grains  are  quartz,  and 
(rarely)  calcite,  quartzite,  and  fine-grained  rock  fragments.  The  grain 
size,  shape,  and  sorting  are  extremely  variable,  with  some  poorly  sorted 
beds  of  silt  to  very  coarse  sand  adjacent  to  w'ell-sorted  beds  of  very  fine 
or  fine-grainetf  sand.  Grain  shape  ranges  from  well  rounded  to  angular, 
but  much  of  the  present  angularity  of  the  grains  may  be  due  to  dia- 
genetic  precipitation  of  silica  on  grains  which  were  initially  somewhat 
better  rounded.  The  cement  is  mostly  silica  (generally  crystallized  in 
optical  continuity  with  the  detrital  cpiartz  grains),  and,  to  a much  lesser 
extent,- calcite.  14ie  sand  ordinarily  has  less  than  5 percent  clay  matrix, 
probably  illite-serit ite.  Hematite,  limonite,  and  pyrite  are  common  in 
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Figure  11.  Keefer  Formation  exposed  on  north  side  of  U.S.  Route 
22-322  northwest  of  Millerstown,  Perry  County,  in  the 
upper  segment  of  the  Millerstown  Silurian  section 
(Appendix  I,  locality  1).  Field  assistant  stands  at  the 
base,  and  hammer  marks  the  position  of  the  top  of  the 
Keefer  Formation. 


the  matrix,  but  the  iron  concentration  proljably  does  not  exceed  5 per- 
cent in  most  Ijecls.  Tourmaline,  zircon,  and  other  accessory  minerals  are 
present  in  trace  amounts.  Some  ot  the  sandstone  beds  are  tossililerous, 
bearing  crinoid  stems,  brachiopods,  and  various  mollusc  shells.  Abundant 
Skolilhos  burrows  were  found  in  tbe  Keefer  on  the  north  flank  of  I'usca- 
rora  Mountain  near  the  west  edge  of  the  quadrangle,  but  were  not  found 
elsewhere  in  the  quadrangle. 

Thin  zones  of  fair  to  good  porosity  and  permeability  are  present  in 
some  Keefer  sandstone  outcrojis,  and  may  be  present  in  the  subsurface. 
However,  most  of  the  original  porosity  has  been  deslroyetl  f)y  cementa- 
tion, and  wells  drilled  into  the  Keefer  usually  encounter  little  |)orosity. 

The  hematitic,  oolitic  sandstone  is  dark  gray  to  blackish  red,  very  fine 
to  medium  grained,  medium  to  thin  bedded,  and  crossbedded.  I bis  sand- 
stone appears  to  have  been  originally  cemented  with  calcite  that  was 
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Figure  12.  Detail  of  Keefer  sandstone  in  the  Millerstown  Silurian 
section. 


subsequently  rejtlaced  by  hematite.  A tliin  (generally  1 to  2 feet,  .3  to  .6 
m thick)  hematitic  zone  near  the  top,  called  the  Sand  Vein  Ore  Bed,  was 
mined  extensively  throughout  the  Valley  and  Ridge  province  during  the 
nineteenth  century.  Because  of  this  mineable,  hematitic  zone,  the  Keefer 
was  locally  called  the  “Ore  Sandstone”  (Dewees,  1878,  and  d’lnvilliers, 
1891)  and  the  “Ore  Sandrock”  (Claypole,  1891).  (See  Figure  8.) 

The  shale  and  claystone  are  medium  dark  gray,  silty,  generally  noncal- 
careous,  poorly  fissile,  and  pyritic.  These  shales  are  similar  to  those  in 
the  Rose  Hill  and  Mifflintown  Formations. 

Outcrop  Area  and  Thickness 

The  Keefer  k'ormation  is  a fairly  resistant  unit  which  forms  small  ter- 
races on  the  dip  slopes  of  ridges  underlain  by  Tuscarora  quartzite  and 
the  Center  Member  of  the  Rose  Hill  Formation.  Good  exposures  can  gen- 
erally be  found  wherever  the  Rose  Hill  ridge  is  cut  by  transverse  stream 
valleys.  I’he  Keefer  is  one  of  the  more  traceable  units  in  the  quadrangle 
because  of  its  distinctive  topographic  expression  and  lithology  (Figure  13). 
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Bloomsburg  Fm  Mifflintown  Fm  Keefer  Fm 


Figure  13.  Outcrop  of  the  Keefer,  Mifflintown,  and  Bloomsburg 
Formations  at  the  north  end  of  the  Millerstown  Silurian 
section,  showing  the  typical  topographic  expression  of 
these  units. 


The  Keefer  sandstone  is  38  feet  (12  m)  thick  in  the  Millerstown  Silu- 
rian section.  Regionally,  the  Keefer  is  a tabidar  body  of  sandstone  which 
maintains  a fairly  constant  thickness  over  a considerable  area  in  central 
Pennsylvania  (Table  8).  The  strikingly  constant  thickness  of  this  blanket 
of  sand  has  been  documented  by  Luttrell  (1968),  whose  measured  sections 
show  that  the  Keefer  sandstone  ranges  in  thickness  from  one  to  twenty 
meters  over  an  area  of  at  least  10,000  square  miles  (25,900  sq.  km). 

Formation  Boundaries 

The  Keefer  Formation  lies  with  no  apparent  disconformity  upon  the 
upper  shaly  member  of  the  Rose  Hill  Formation.  The  top  of  the  Keefer 
is  a sharp  conformable  or  paraconformable  contact. 

Age 

The  Keefer  is  medial  Middle  Silurian  (Niagaran)  in  age  (Swartz, 
1923;  Swartz  anti  others,  1942),  and  is  the  oldest  formation  in  the  Wenlock 
Series  of  Berry  and  Boucot  (1970). 

Sedimentation 

The  occurrence  of  brachio]:)od,  crinoid,  and  mollusc  shells  in  the 
Keefer  indicates  that  it  was  deposited  in  a shallow-water  (littoral  to 
epineritic)  marine  environment.  An  abundant  supply  of  sediment  and 
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fairly  rapid  deposition  is  suggested  by  the  generally  poor  sorting  and 
variable  rounding  of  the  quartz  grains.  I'he  regionally  thin,  tabidar  form 
of  the  Keefer  sandstone  suggests  deposition  along  a laterally  migrating 
shoreline.  The  sharp  upper  contact  of  the  lormation,  in  contrast  to  the 
conformable,  possibly  gradational  base,  suggests  an  interruption  of  sedi- 
mentation at  the  end  of  the  Keefer  deposition.  4 he  low  clay  content  of 
the  sandstones,  the  local  occurrence  of  shale  clasts  and  small  pebbles,  and 
the  presence  of  beds  of  well-rounded  and  sorted  sand  and  the  occasional 
very  well  rounded  cjuartz  grains  indicate  a proximity  to  the  surf  zone. 
The  significance  of  interbedded  thin,  medium,  and  thick  sandstone  Ireds 
is  not  clear,  except  that  it  implies  deposition  by  processes  w'hich  were 
both  intermittent  and  variable.  The  interbedded  shales  represent  ])eriods 
of  (juiet-water  deposition,  either  in  a sheltered  lagoonal  area  or  olfshore. 

Folk  (1960)  suggested  that  the  Keeler  was  dejrosited  in  a lagoon-beach- 
barrier  complex  which  separated  the  marine  shale  environment  ot  the 
Rose  Hill  from  a lagoonal  area  where  the  shale  of  the  Rochester  (.\Iifflin- 
town)  Formation  was  being  deposited. 

Luttrell  (1968)  studied  the  Keefer  Formation  across  central  Pennsyl- 
vania, and  concluded  that  it  is  a regressive  marine  deposit  in  which  much 
of  the  rounding  and  sorting  of  the  sand  was  accomplished  by  eolian  proc- 
esses on  the  coastal  plain.  Luttrell  calcidated  a water  depth  ranging  from 
0 to  100  feet  (30  m)  above  a sea  floor  which  sloped  to  the  northwest  at 
a rate  of  one  to  two  feet  per  mile  (0.18  to  0.36  m per  km). 

The  character  of  the  Keefer  sandstone,  as  described  above,  is  compat- 
ible with  this  interpretation,  i.e.,  deposition  along  a prograding  shore- 
line during  a time  of  marine  regression.  I'he  nonmarine  sediments  asso- 
ciated with  this  regression  are  represented  by  the  conglomerates  of  the 
Shawangunk  Formation  in  the  eastern  part  of  the  State  (Folk,  1962,  p. 
,553).  The  regression  which  allowed  the  shoreline  to  migrate  across  the 
area  was  apparently  followed  by  a rapid  transgression  which  left  little 
recognizable  sedimentary  record,  except  for  the  sharp,  planar  contact  at 
the  top  of  the  Keefer. 


Mifflintown  Formation 

Na  me  and  Extent 

The  name  “Mifflintown  Formation’’  was  proposed  (Arndt  and  others, 
1959)  and  defined  (Miller,  1961)  to  embrace  two  rather  similar  shale  and 
limestone  units,  the  Rochester  and  McKenzie  Formations,  and  the  under- 
lying Keefer  Sandstone.  The  Rochester  and  McKenzie  Formations  are 
mapped  in  central  New  York  State  and  in  western  Maryland.  They  are 
not  lithologically  distinct  in  central  Pennsylvania,  and  can  generally  lie 
dilferentiated  there  only  on  the  liasis  of  ostracod  faunal  zones  (Swartz, 
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1934;  Cloos,  1951).  The  Keefer  sandstone  is  sufficiently  distinguishable 
in  the  Alillerstown  area  to  be  mapped  as  a separate  formation.  The 
Mifflintown  is  therefore  redehned  to  include  only  the  strata  overlying  the 
Keefer  Formation  and  underlying  the  Bloomsburg  Formation. 

The  Mifflintown  Formation  extends  throughout  the  Valley  and  Ridge 
province  of  central  Pennsylvania  (except  for  the  Great  Valley  Section), 
from  the  Cumberland  area  in  Maryland  (DeWitt  and  Colton,  1964; 
DeWitt,  1971)  northeastward  at  least  as  far  as  the  Susquehanna  River. 
Farther  east,  the  upper  Ijeds  of  the  Mifflintown  Formation  are  replaced 
by  the  red  sandstones  and  shales  of  the  overlying  Bloomsburg  Formation 
(Swartz,  1957).  In  the  Delaware  Valley  area,  the  entire  stratigraphic  in- 
terval Ijetween  the  Upper  Ordovician  Marti nsburg  Formation  and  the 
Bloomsburg  is  replaced  by  the  sandstone  and  conglomerate  of  the 
Shawangunk  Formation  (Epstein  and  Epstein,  1969). 

Character 

I’he  Mifflintown  Eormation  consists  of  interbedded  shale  (59  percent), 
and  limestone  (37  percent)  with  minor  siltstone  beds  (4  percent)  (see  Eig- 
tires  13  and  14  and  Taljle  5).  The  shales  are  dark  gray,  silty,  and  cal- 
careotis,  and  have  a fair  to  rather  poor  fissility.  In  the  lower  part  of  the 
formation  they  are  similar  to  those  in  the  upper  shaly  member  of  the 
underlying  Rose  Hill  Eormation. 

I’he  limestones  are  medium  to  dark  gray,  liioclastic,  pelletal,  micro- 
crystalline, locally  oolitic,  medium  to  thin  bedded,  and  planar  bedded. 
They  are  predominantly  bioclastic  calcisiltite,  composed  of  silt-size  cal- 
cite  grains  and  disarticulated  ostracod  fragments.  These  limestones  con- 
tain as  much  as  20  percent  quartz  grains,  in  the  form  of  very  fine 
grained,  subangular  sand  and  silt,  w4iich  has  normal  optical  extinction 
and  generally  “floats”  in  a matrix  of  calcite  silt.  Pyrite,  limonite,  carbo- 
naceous matter,  and  rare  crystalline  hematite  are  present  in  trace 
amounts.  Some  of  the  limestone  beds  have  up  to  10  percent  vuggy  and 
intergranular  porosity,  and  locally  there  are  traces  of  oil  staining.  A 
number  of  the  beds  are  intraformational  limestone  breccia,  composed  of 
subangular  to  rounded  fragments  of  micritic  and  pelletal  calcisiltite  in 
a matrix  of  j^elletal  and  bioclastic  (ostracodal)  calcisiltite.  At  Mifflintown 
the.se  breccias  mark  the  lower  20  feet  (7  m)  of  the  upper  (McKenzie) 
Member  (Miller,  1961),  but  they  do  not  appear  to  maintain  the  same 
stratigraphic  position  at  Millerstown. 

I’he  siltstones  are  medium  to  medium  dark  gray,  argillaceotis,  calcar- 
eous, and  locally  gradational  with  the  enclosing  shale  beds.  Elaser  bed- 
ding (micro  cross  lamination)  is  locally  present. 

Typical  Mifflintown  lithology  is  shown  in  Eigure  14,  a detailed  de- 
scription of  the  unit  is  jtresented  in  Appendix  I,  and  a chemical  analysis 
is  given  in  Appendix  II. 
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Figure  14.  Mifflintown  Formation  exposed  in  the  Millerstown 
Silurian  section  (Appendix  I,  locality  1).  Hammer  lies 
at  top  of  unit  130  in  the  measured  section. 


Outcrop  Area  arid  Thickness 

Tlie  Mifflintown  Formation  is  a relatively  nonresistanl  unit,  and 
underlies  a slight  topographic  swale  between  the  Keeler  Formation  and 
the  lowest  Bloomsbnrg  beds  (Figure  13).  Ciultivated  fields  generally  ex- 
tend uphill  to  the  Keeler  sandstone  outcrop  at  the  base  ol  the  Mifflin- 
town Formation.  The  only  complete  e.xposure  ol  the  lormalion  in  the 
quadrangle  is  on  U.S.  Route  22-322,  two  miles  (3.2  km)  north  ol  Millers- 
town. 

The  .Mifflintown  is  159  leet  (hS  m)  thick  at  .Millerstotvn,  the  least 
thickness  rejiorted  Irom  central  Pennsylvania  ("Fable  9).  An  isojiach  map 
drawn  Irom  the  data  in  Table  9 shows  a consistent  regional  northeast- 
ward thinning  Irom  Bedlord  County  to  the  Millerstown  area.  Isopach 
lines  trend  northw’estward  across  the  structural  gaain  ol  the  Valley  and 
Ridge  province,  in  striking  contrast  to  those  ol  most  ol  the  other  mid- 
Paleozoic  lormations. 
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Fo rmati o n Bait n da ries 

Both  tlie  upper  and  lower  contacts  of  the  Mifflintown  Formation  are 
sharp  and  conformable.  I’he  basal  contact  was  described  above,  and  the 
upper  contact  is  an  alirupt  change  from  olive-gray  shale  to  the  grayish- 
red  sandstone  of  the  Bloomsburg  Formation. 


Age 

The  Mifflintown  Formation  is  of  middle  and  upper  Niagaran  age 
(Middle  Silurian)  (Swartz,  1933,  1934,  1935),  and  correlates  with  the 
WTnlock  standard  series  (Berry  and  Boucot,  1979).  Swartz  (1934)  reported 
that  there  are  two  distinct  faunal  zones  j)resent  in  this  interval  in  the 
Mount  Union  area,  based  on  ostracod  assemblages.  The  lower  zone  is 
characterized  by  the  ostracod  Dvepanellina  clarki,  and  the  upper  zone  by 
the  brachiojjod  Whitfieldella  tnarylandica.  A sharj:)  faunal  break  at  the 
top  of  the  DrepanelUna  clarki  zone  marks  the  horizon  which  correlates 
with  the  contact  of  the  Rochester  and  McKenzie  Formations  (.Swartz, 
1934,  p.  132). 

Sedimentation 

The  Mifflintown  Formation  is  an  ollshore,  neritic  marine  deposit,  as 
shown  by  the  jjiesence  of  planar-ljedded  tossiliferous  limestone  beds  and 
marine  fossils  in  the  shales.  I'he  alternation  of  limestone  and  shale  beds 
indicates  an  environment  where  the  water  was  periodically  very  muddy. 
The  presence  ol  carljonaceous  shale  near  the  middle  of  the  formation 
(unit  9)  and  occasional  pyrite  grains  through  the  u])per  half  indicates 
periods  of  restricted  circulation,  enabling  reducing  conditions  to  prevail. 
I'he  oolites  suggest  proximity  to  an  area  of  strongly  agitated,  shallow 
water,  such  as  a lagoon  or  broad  tidal  Hat.  T he  intraclasts  and  intralor- 
mational  limestone  breccias  point  to  shallow  water  comlitioiis,  because 
these  form  by  disrujjtion  and  resedimentation  of  semiconsolidated  lime 
mud  within  reach  of  storm  waves. 

Folk  (1962)  suggested  that  the  area  was  olfshore  from  a low-lying 
coastal  plain,  and  tliat  streams  on  the  coastal  plain  supjHied  the  aijun- 
dant  clay  in  times  of  flood.  Fhe  lowered  salinity  which  would  accompany 
this  inflow  of  fresh  water  may  account  for  the  liigh  concentratioit  of 
ostracod  shells  in  beds  which  lack  other  marine  torms. 

Bloomsburg  Formation 

Name  and  Extent 

Fhe  name  “Bloomsburg  Formation"  was  jzroposed  by  White  (1(S83)  lor 
a thick,  westward-thinning  wedge  of  red  siltstone,  sandstone,  and  silty 
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claystoiie  which  occurs  trom  southeastern  New  York  to  western  Virginia. 
The  lormation  was  named  ior  exposures  in  the  city  ot  Bloomsburg,  some 
45  miles  (72  km)  northeast  ot  Millerstown  in  Columbia  County,  Penn- 
sylvania. 

Character 

I he  Bloomsburg  Formation  is  primarily  a red  shale  and  claystone 
unit,  with  two  intervals  of  red  sandstones,  one  at  the  base  and  the  other 
near  the  top  (Table  5). 

The  claystones  are  grayish  red,  pure  to  very  finely  silty,  and  break  with 
a characteristic  blocky  or  splintery  fracture.  The  bedding  is  thick  and 
planar,  but  usually  so  indistinct  that  it  may  be  confused  with  poorly 
developed  cleavage  (Figure  15).  The  claystones  are  locally  fossiliferous, 
and  Hoskins  (1961)  identihed  Lingula,  fish  scales,  foraminifera,  and  sev- 
eral species  of  ostracods  in  them. 

The  sandstones  are  grayish  red  to  grayish  brown,  fine  and  very  fine 
grained,  silty,  argillaceous,  hematitic  (Van  Houten,  1968),  poorly  sorted, 
medium  and  thin  bedded,  planar  bedded,  slightly  friable,  and  slightly 
porous.  They  are  mostly  hematitic  subgray wackes,  which  average  from 
79  to  75  percent  cjuartz  sand  and  silt,  20  percent  hematitic  clay,  5 per- 
cent day  clasts  and  fine-grained  rock  fragments,  less  than  1 percent 
opaque  mineral  grains,  and  generally  5 to  10  percent  porosity.  The 
upper  sandstone  tends  to  be  slightly  finer  giained  than  the  lower.  A few 
thin,  nonred  (medium-light-gray  to  bull),  fine-  to  medium-grained,  porous 
sandstone  beds  occur  in  the  upper  part  of  the  Bloomsburg  in  the  valley 
south  of  Slim  Valley  Ridge  near  Bunkertown. 

The  liasal  sandstone  interval  of  the  Bloomsburg  at  Millerstown  is 
described  in  Appendix  I (locality  1),  the  claystones  in  the  Bloomsburg  at 
Beaiertown  are  described  in  Hoskins  (1961,  locality  6),  and  a chemical 
analysis  of  the  claystone  is  presented  in  Appendix  II.  A preliminary 
evaluation  of  the  clays  is  given  in  Appendix  III. 

Outcrop  Area  and  Thickness 

The  Bloomsburg  Formation  occtirs  in  the  valleys  surrounding  Shade 
and  Tuscarora  Mountains  and  Slim  Valley  Ridge.  The  basal  and  upper 
sandstone  intervals  usually  support  a slight  topogra]:)hic  rise,  such  as  is 
shown  in  Figtire  13.  The  characteristic  reddish-brown  soils  which  de- 
velop over  the  Bloomsburg  claystones  and  the  more  resistant  nature  of 
the  sandstone  intervals  permit  fairly  accurate  mapping  of  the  Blooms- 
burg (ontacts  in  covered  areas.  The  most  complete  Bloomsburg  exposure 
in  the  quadrangle  is  in  tlie  filen-Gery  tjuarries  in  Beaver  Township  on 
the  north  side  of  Shade  Mountain. 

Tlie  Bloomsbtirg  is  450  feet  (137  m)  thick  at  Beavertown  (Hoskins, 
1961)  and  is  estimated  to  be  480  feet  (146  m)  thick  at  Millerstown.  Iso- 
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Figure  15.  North-dipping  Bloomsburg  Formation  exposed  in  the 
Glen-Gery  Corporation  quarry  on  Kern  Run,  0.75  mile 
south  of  Beavertown,  Snyder  County. 


pach  maps  for  the  Bloomsl^urg  in  central  Pennsylvania  (Hoskins,  1961: 
W^ood  and  others,  1969)  show  a pronounced  eastward  and  southeastward 
thickening,  at  a rate  of  approximately  25  feet  per  mile  (4.8  m per  km) 
(Table  10).  Faunal  zones  within  the  Bloomsburg  indicate  that  it  thickens 
partly  at  the  expense  of  the  enclosing  Mifflintown  and  Wills  Creek  For- 
mations (Swartz,  1934). 

Formation  Boundaries 

Both  the  upper  and  lower  contacts  of  the  Bloomsburg  are  conform- 
able. The  base  of  the  formation  can  be  seen  near  the  top  of  the  Millers- 
town  Silurian  section,  on  U.S.  Route  22-322  two  miles  (3.2  km)  north  ol 
Millerstown,  where  there  is  a sharp  contrast  between  the  light-olive-gray 
shale  of  the  Mifflintown  and  the  grayish-red  sandstone  of  the  Blooms- 
burg. The  top  of  the  Bloomsburg  can  be  seen  at  the  Beavertown  locality, 
where  the  contact  with  the  o\erlying  Whlls  Creek  is  ex|)osed  in  a creek 
bank  40  feet  (12  m)  north  of  the  northernmost  tjuarry. 
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Age 

I he  Bloomsijurg  is  a time-transgressive  unit.  The  deposition  oi  sedi- 
ments which  now  comprise  the  Bloomsliurg  began  in  late  Niagaran 
(Middle  Silurian)  time  and  continued  well  into  Cayugan  (Upper  Silu- 
rian) time.  According  to  Berry  and  Boticot  (1970),  the  top  ot  the  Blooms- 
burg  becomes  jnogressively  younger  toward  the  east. 

Sedimentation 

The  launa  in  the  Bloomsbtirg  claystones  consists  ol  only  a lew  speci- 
mens of  most  of  the  major  phyla,  except  for  the  ostracods  which  are 
present  in  large  numbers  of  individtials  but  very  few  species  (Hoskins, 
1961).  Such  a distribution  of  organisms  is  characteristic  of  brackish-water 
conditions  in  modern  environments.  A shallow  water  depth  is  indicated 
because  ostracods  occur  at  depths  of  less  than  90  feet  (27  m)  (Elias,  1937) 
and  Lingula  live  above  a depth  of  60  feet  (18  m)  (Sclmchert,  1911). 
These  features  indicate  that  the  Bloomsbtirg  Formation  is  a paralic 
(marginal  marine)  deposit  which  formed  in  a nearshore  brackish-water 
environment,  such  as  a bay  or  estuary  where  salinity  was  lowered  by  tlie 
inflow'  of  fresh  water  from  rivers  on  the  adjacent  coastal  plain,  or  as  a 
distal  (offshore)  area  of  a delta  complex  (DeWhndt,  1973).  Lagoonal  con- 
ditions may  have  prevailed  at  times  (Swart/.,  1946;  Hoskins  and  Conlin, 
1958;  Wood  and  others,  1969). 

The  rather  j)Oorly  sorted  sandstones  at  the  base  suggest  rapid  deposi- 
tion with  a minimum  of  wave  action.  T he  sand  was  derived  from  a source 
terrain  in  which  both  igneous  and  metamorphic  rocks  were  exposed 
(Hoskins,  1961). 

Folk  (1960)  suggested  that  the  red  color  formed  when  iron,  which  was 
being  carried  in  solution  by  the  rivers  draining  the  source  area,  was 
precipitated  upon  encountering  the  more  saline  marine  waters.  On  the 
other  hand,  Hoskins  (1961)  suggested  that  the  red  color  was  ]jrimary,  and 
had  developed  in  a warm,  humid  environment  during  weathering  of  the 
crystalline  source  rock,  and  was  preserved  by  fairly  rapid  deposition  and 
burial.  The  inference  is  that  the  supply  of  clay  was  abundant  and  con- 
tinuous, muddying  the  water,  restricting  the  kinds  of  organisms  which 
could  survive,  and  isolating  the  sediment  from  the  seawater  before  the 
iron  could  be  reduced  and  the  red  color  lost. 

d'o  the  east,  in  the  area  between  the  Sustpiehanna  and  Delaware 
Rivers,  the  Bloomsburg  is  a nonmarine  fltivial  deposit,  the  jirodtut  of 
sedimentation  in  meandering  rivers  anti  on  floodplains  (Smith,  1967). 
I’he  Bloomsbtirg  in  the  Millerstown  quadrangle  is  apparently  transi- 
tional between  this  eastern,  continental  facies  and  the  pi etlominantly 
marine  carbonates,  shales,  anti  marls  which  are  |)resent  farther  west 
(Ailing  and  Briggs,  1961). 
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Wills  Creek  Formation 

Name  and  Extent 

Tlie  name  Wills  Creek  was  first  applied  by  Uhler  (1905)  to  a calcar- 
eous shale  sequence  exposed  along  Wills  Creek  near  Cumberland,  Mary- 
land. The.se  rocks  had  previously  been  included  in  Unit  V,  the  Scalent 
gray  marl,  by  the  First  Geological  Survey  of  Pennsylvania  (Rogers,  1858). 
I’he  Wills  Creek  Formation  is  now  recognized  throughout  the  Valley 
and  Ridge  province  from  central  Pennsylvania  to  western  Virginia. 

Character 

The  Wills  Creek  Formation  consists  of  a number  of  related  rock  types 
that  are  extensively  interbedded:  silty  claystone,  claystone,  calcareous 
shale,  argillaceous  limestone,  and  fine-grained  calcareous  sandstone.  The 
color  of  the  shale  and  claystone  is  somewhat  variable,  but  usually  is  light 
olive,  yellowish,  or  greenish  gray,  light  gray,  or  grayish  red.  In  the  lower 
part  of  the  formation,  the  colors  are  interlayered,  giving  a variegated 
appearance  to  the  rock.  Frequently,  the  red  and  nonred  layers  are  re- 
peated in  a series  of  interbedded  cycles. 

Interbetlding  occurs  on  several  scales.  On  a gross  scale,  the  Wills  Creek 
is  divisible  into  two  similar  (informal)  members.  The  lower  parts  of  each 
member  consist  of  laminated  to  very  thin  bedded  calcareous  shale  and 
argillaceous  limestone.  The  iq:)per  parts  are  coarser  grained,  predomi- 
nantly very  thin  bedded  calcareous  siltstones  and  sandstones,  which  are 
relatively  resistant  to  erosion. 

I'hick  and  thin  interbedding  occurs  between  the  claystones  and  lime- 
stones in  cyclic  fashion.  The  lower  parts  of  the  cycles  contain  inter- 
bedded, thin-bedded  (1/4  to  1/2  inch  or  0.6  to  1.3  cm),  light-olive-gray 
claystone  and  light-gray,  laminated  to  very  thin  bedded  limestone.  The 
upper  parts  of  the  cycles  consist  only  of  noncalcareous  claystone,  usu- 
ally light  olive  gray,  occasionally  grayish  red,  which  locally  contains  cal- 
careous nodules.  I’hese  cycles  range  from  4 to  12  feet  (1.2  to  3.7  m)  in 
thickness.  I'he  transition  from  the  lower  to  the  upper  part  of  each  cycle 
is  gradational  over  an  interval  of  approximately  4 to  6 inches  (10  to  15 
cm),  but  the  transition  to  the  lower  part  of  the  next  cycle  is  more  abrupt, 
occurring  over  an  interval  of  1 to  2 inches  (2.5  to  5 cm). 

The  sandstones  are  also  interbedded  with  other  lithologies.  Some  are 
liglit-gray,  medium-  to  thick-bedded,  fme-grained  calcareous  sandstones. 
Others  occur  as  light-olive-gray  to  light-gray,  very  thin  bedded,  very  fine 
to  fine-grained  sandstone  lenses  which  have  what  approaches  a flaser 
bedding,  interbedded  with  light-olive-gray,  very  thin  bedded  siltstone 
and  silty  claystone. 

Occasional  medium-gray,  medium-  to  thick-bedded  limestones  occur 
throughout  the  formation. 
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Outcrop  Area  and  Thickness 

I'lie  Weills  Creek  Formation  underlies  broad  valleys  oft  the  flanks  of 
both  Tuscarora  and  Shade  Mountains,  including  the  valley  of  the  Juniata 
Ri  ver  north  of  Tuscarora  Mountain.  Because  these  valleys  are  extensively 
farmed,  outcrops  are  few  and  occur  only  in  some  stream  banks  and  road- 
cuts  (Figure  16).  The  subdivision  of  the  Wills  Creek  into  upper  and 
lower  members  follows  that  used  in  the  adjacent  Loysville  and  Miftlin- 
town  quadrangles.  These  members  are  traceable  across  the  tjuadrangle 
using  two  low  topographic  ridges  which  decelop  at  the  top  of  each 
member,  and  persist  for  several  miles  apparently  at  the  same  strati- 
graphic level. 

No  accurate  determination  of  the  thickness  of  the  ^Vills  Creek  is  avail- 
able from  the  limited  exposures  in  the  quadrangle,  d'he  thickness  is  esti- 
mated to  be  between  600  and  800  feet  (183  to  244  m).  Thickness  values 
for  the  Wills  Creek  Formation  in  central  Pennsylvania  are  presented  in 
Table  11  and  range  from  505  to  800  feet  (154  to  244  m). 

Formation  Boundaries 

The  basal  contact  of  the  Whlls  Creek  is  contormable  and  is  exposed  in 
the  bank  of  Kern  Run,  north  of  the  Glen-Gery  quarries,  a half  mile 
south  of  Beavertown  in  Snyder  County.  The  contact  of  the  Wills  Creek 


Figure  16.  Outcrop  of  Wills  Creek  Formation  in  bank  of  small 
stream  about  1 mile  east  of  Bunkertown,  Fayette  Town- 
ship, Juniata  County. 
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Refers  to  15-minute  quadrangle  unless  otherwise  stated. 
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with  the  overlying  I'onoloway  Formation  is  not  exposed  in  the  quad- 
rangle, but,  judging  trom  exposures  in  adjacent  quadrangles  and  topo- 
graphic expression,  the  two  formations  are  interbedded. 

Age 

'Fhe  Wills  Creek  Formation  is  considered  to  Ite  U|jper  Silurian 
(Cayugan)  in  age  (Sw'artz  and  others,  19-12),  and  correlates  with  the  upper 
part  of  the  Ludlow  Series  and  the  lower  part  of  the  Pridoli  Series  of  the 
Standard  Silurian  Section  (Berry  and  Boucot,  1970).  I’his  ;ige  assignment 
is  based  on  a varied  fauna  whicb  includes  ostracods,  eurypterids,  trilo- 
bites,  corals,  and  brachiopods.  Faunal  lists  for  the  Wills  Creek  have  been 
prdtlished  by  Swartz  (1923)  and  Iry  Ailing  and  Briggs  (1961). 

Sedimentation 

The  interbedded  claystone,  calcareous  shale,  and  limestone,  anti  the 
flaser-bedded  siltstone  and  sandstone  indicate  that  the  Wills  Creek  is  a 
nearshore  and  onshore  (epineritic  and  littoral)  shallow  marine  deposit. 
The  Wills  Creek  in  the  Millerstown  area  was  deposited  w’est  of  the 
Bloomsburg-Vernon  delta  w'hicli  developed  in  eastern  Pennsylvania, 
eastern  Maryland,  and  southeastern  New  York  during  Niagaran  and 
Cayugan  time,  and  iormed  the  southeastern  margin  of  the  Appalachian 
basin.  During  this  time,  argillaceous  etaporates  and  red  Iteds  were  being 
deposited  farther  north  and  west  in  New  York  and  western  Pennsylvania 
(Ailing  and  Briggs,  1961). 

An  analysis  of  the  sedimentary  structures,  algal  mats,  and  petrology  of 
the  Wills  Creek  Formation  at  Mount  Union,  Pennsylvania  (35  miles  or 
56  km  west-southw'est  of  the  Millerstown  (|uadrangle)  l)y  Flolfman  (oral 
commun.,  1969)  indicates  that  the  formation  there  is  a tidal-flat  deposit, 
having  cyclicity  which  represents  an  alternation  of  subtidal,  intertidal,  and 
siqrratidal  sediments.  Hoffman  suggests  that  the  Wills  Creek  was  deposited 
in  an  environment  of  low  mechanical  energy,  liighly  .saline  water  and  in 
an  arid  climate.  Gwinn  and  Bain  (1964),  in  a study  of  the  carbonates  in 
the  same  section,  concluded  that  the  cyclicity  was  a result  of  a regular 
shoaling  of  the  w'ater  with  a concomitant  increase  in  salinity.  No  indica- 
tion of  saline  beds  was  observed  in  the  Millerstown  quadrangle. 

These  three  studies  .show'  that  the  Wills  Creek  Formation  in  the 
Millerstowm  area  was  deposited  in  environments  which  were  transitional 
between  the  highly  saline,  evaporite  conditions  which  prevailed  to  the 
west  and  nortliwest  and  the  deltaic  conditions  which  existed  to  the  east. 
These  regional  relationships  imply  that  the  Wills  Creek  in  the  Millers- 
town area  is  laterally  equivalent  to  the  Bloomsburg  Formation  farther 
east,  as  suggested  by  .Swartz  (1934). 
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Tonoloway  Formation 

Name  and  ExlCJit 

riie  Tonoloway  Forniation  is  an  interval  ot  distinctively  laminated 
carbonates  which  overlies  the  Wills  Creek  Formation  and  underlies  the 
nodular  carbonates  of  the  Keyset  Formation.  The  Tonoloway  was  named 
by  Ulrich  (1911)  lor  exposures  on  the  east  flank  of  Tonoloway  Ridge  in 
Morgan  County,  West  Virginia.  The  formation  in  central  Pennsylvania 
is  part  of  the  original  Scalent  Limestone  of  Rogers  (1858). 

The  Tonoloway  Formation  is  present  in  the  Appalachian  Valley  and 
Ridge  province  in  central  and  south-central  Pennsylvania,  Maryland, 
Virginia,  and  eastern  West  Virginia. 

Character 

The  Tonoloway  Formation  consists  primarily  of  laminated  to  thin- 
bedded  limestone  (Figure  17)  and  some  thin  beds  of  medium-gray  calca- 
reous shale  (which  typically  weathers  light  olive  gray).  The  laminated 
appearance  on  weathered  surfaces  results  from  the  alternation  of  micrite 
or  calcisiltite  in  argillaceous  and  silty  layers.  Occasional  thin  to  medium 
beds  of  dense  gray  microcrystalline  limestone  are  also  present.  Pellet 
texture,  scattered  ostracod  shells,  lenses  of  crystalline  calcite  and  sedi- 
mentary boudinage  structures  were  also  observed. 

Although  dolomite  and  dolomitic  limestone  have  been  reported  from 
this  formation  in  central  Pennsylvania  (Swartz,  1955;  Gwinn  and  Bain, 
19(14),  no  dolomite  was  found  in  the  Tonoloway  in  the  Millerstown 
quadrangle. 

Outcrop  Area  and  Thickness 

A poorly  developed  karst  topography  occurs  in  terrain  underlain  by 
the  Tonoloway  and  Keyset'  Formations.  Local  areas  of  interior  drainage, 
generally  from  one  to  three  acres  in  size,  occasionally  contain  swamps 
and  small  ponds. 

Like  the  Wills  Creek  Formation,  the  Tonolow'ay  Formation  underlies 
the  Itroad  valleys  off  the  flanks  of  Itoth  Tuscarora  and  Shade  Afountains. 
Outcrops  are  rare.  I'he  only  Tonoloway  exposure  in  the  area  in  which 
both  contacts  are  exposed  occurs  in  the  bed  of  Mahantango  Creek  at 
Mahantango,  Pennsylvania,  in  the  adjacent  Millersburg  cjuadrangle. 
This  exposure  is  located  along  the  |uniata-Snyder  County  line,  between 
old  U.S.  Route  1 1 and  the  relocated  Route  11.  A measured  section  at  this 
locality  (Hoskins,  in  preparation)  indicates  that  the  Tonoloway  Forma- 
tion is  only  IK)  feet  (34  m)  thick.  However,  the  interval  included  in  the 
Tonoloway  probaltly  does  not  cover  all  the  strata  which  are  mapped  as 
I'onoloway  Formation  in  the  Millerstown  quadrangle,  because  of  lateral 
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Figure  17.  Tonoloway  limestone  exposure  on  the  Earner  farm  in 
Pfoutz  Valley,  Liverpool  Township,  Perry  County. 

changes  in  lithology  (eastward  thinning  ot  limestone  beds)  and  the  inter- 
bedded  nature  of  the  Tonoloway-Wills  Creek  contact.  The  upper  15  feet 
(4.6  m)  of  the  Tonoloway  Formation  is  exposed  in  the  Juniata  Limestone 
Company  quarry  on  Lost  Creek  Ridge  (Figures  18,  19,  and  101),  anti  is 
described  in  Appendix  I,  locality  3.  See  T able  12  for  the  thickness  of  the 
Tonoloway  Formation  across  central  Pennsylvania. 

The  Tonoloway  is  estimated  to  be  from  500  to  600  feet  (152  to  183  m) 
thick  in  the  Millcrstown  quadrangle,  based  on  topographic  expression 
and  outcrop  pattern. 

The  Tonoloway  Formation  thins  quite  gradually  toward  the  east 
across  much  of  central  Pennsylvania.  However,  in  the  Susquehanna 
River  Valley  (Table  12)  it  thins  quite  rapidly  and  is  airscnt  entirely  on 
Blue  Mountain  near  Stiedberg.  This  reported  thinning  is  due  partly  to 
nondeposition  (WMod  and  others,  1969)  and  partly  to  a primary  lateral 
change  from  a limestone  (Tonoloway)  to  a shale  (\VTlls  Creek)  facies. 

Formation  Bo u n darics 

Both  the  upper  and  lower  contacts  ot  the  Tonoloway  are  apparently 
conformable  in  the  Millerstown  cjuadrangle.  T he  contact  with  the  o\er- 
lying  Keyset-  limestone  can  be  seen  in  the  limestone  tpiarry  on  Lost  Creek 
Ridge  (Figure  19).  The  contact  there  is  chosen  at  a distinct,  persistent 
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superficially  to  be  a very  open,  concentric  anticline  dl 
fold.  Site  of  locality  3 (Appendix  I).  View  looking  east. 


Thickness  Values  for  the  Tonoloway  Formation  in  Central 
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Figure  19.  North  wall  of  quarry  pictured  in  Figure  18.  Top  of  the 
Tonoloway  Formation  is  marked  by  the  dashed  line. 
Height  of  cliff  is  78  feet. 


bedding  plane  which  separates  predominantly  laminated  limestone  below 
from  thicker  bedded,  locally  nodular,  cobbly-weathering  limestone  above. 
The  Keyset'  limestone  is  more  fossiliferous  than  the  Tonoloway,  and 
according  to  Ulrich  (1911)  there  is  a marked  faunal  break  at  the  contact. 

Age 

T’he  Tonoloway  Formation  is  Upper  Silurian  (Cayugan)  in  age  (Swartz 
and  others,  1942).  Wood  and  others  (1969)  place  the  formation  in  the 
middle  Late  to  latest  Late  Silurian  and  Berry  and  Boucot  (1970)  corre- 
late it  with  the  Pridoli  Series. 

Sedimentation 

The  presence  of  a varied  brachiopod  and  mollusc  fauna  and  algal 
structures  in  the  Tonoloway  suggests  deposition  under  conditions  of 
normal  salinity,  whereas  the  occurrence  of  desiccation  cracks  and  occa- 
sional anhydrite  laminae  (reported  by  Hoskins  from  the  Mahantango 
Creek  section)  suggests  periodic  conditions  of  hypersalinity.  LaPorte 
(1969)  suggested  that  much  of  the  Tonoloway  Formation  was  deposited 
in  an  intertidal  environment. 

The  interfingering  with  the  underlying  Wills  Creek  Formation  and 
the  replacement  of  the  lower  Tonoloway  beds  by  shales  of  Wills  Creek 
lithology  to  the  east  and  south  (Dyson,  1963;  Miller,  1961;  Hoskins,  in 
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preparation)  indicate  that  the  epeiric  sea  which  covered  this  jiortion  ol 
the  Appalachian  basin  was  subject  to  repeated  fluctuations  in  type  ol 
sediment  and  rate  of  deposition.  The  change  in  dominant  sediment  type 
from  carbonate  to  clay  and  silt  toward  the  east  and  sotith  implies  that 
lantl  areas  at  the  edge  of  the  basin  lay  in  those  directions. 

Swartz  (1939,  p.  35)  postulated  that  a low-lying  landmass  existed  Irom 
.southeastern  Perry  to  Schuylkill  Ciounties  during  late  Silurian  and  early 
Devonian  time  which  he  called  the  Aubtirn  Promontory.  This  landmass 
resulted  from  intermittent  epeirogenic  uplift  which  was  responsilile  for 
thinning  and  nondeposition  in  the  Tonoloway,  Keyset',  and  Old  Port 
Formations,  and  an  increase  in  sand  and  peltltle  content  in  these  units  in 
this  area.  Wood  and  others  (1969)  suggest  that  the  Auburn  Promontory 
underwent  rejtivenation  during  the  deposition  ol  the  Selinsgrove  (Onon- 
daga) limestone  and  became  a major  source  area  during  the  deposition 
of  the  Montebello  Member  of  the  Mahantango  Formation. 


SILURIAN  AND  DEVONIAN  SYSTEMS,  UNDIVIDED 

Oarbonate  sedimentation  in  central  Pennsyh ania,  represented  by  the 
Key.ser  Formation,  appears  to  have  been  continuous  from  late  Silurian 
into  early  Devonian  time,  liecause  both  Silurian  and  Devonian  fossils 
occur  within  it  (Berdan,  1964;  Bowen,  1967). 

Keyser  Formation 

Name  and  Extent 

The  name  Key,ser  Formation  was  originally  used  iiy  Ulrich  (1911)  for 
a distinctive  limestone  tinit  which  was  part  of  Rogers'  Pre-Meridian 
Limestone,  and  was  named  for  ex|iosures  near  the  village  of  Keyser  in 
Mineral  County,  West  Virginia.  The  Keyser  Formation  is  recognized 
throughout  the  central  Appalachian  basin  Irom  east-central  Pennsylvania 
to  western  Virginia  and  northern  WTst  Virginia. 

Character 

The  Keyser  Formation  is  predominantly  a medium-gray,  fossil iferous, 
lumpy  or  “pseudo-nodular  " limestone  wliich  is  \ery  colibly  when  weath- 
ered. The  color  is  consistently  gray,  ranging  irom  dark  to  medium  light 
gray.  The  limestones  are  predominantly  micritic  calcisi bites,  Ihoclastic 
calcarenites  and  skeletal  micrites.  The  tipper  part  of  the  formation  con- 
tains laminated  to  thin-bedded  limestone  that  is  very  similar  to  the 
underlying  Tonoloway  beds,  and  dark-gray  chert  nodules  are  common  in 
the  upper  few  feet. 
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The  Keyser  is  thin  to  very  thick  bedded,  and  often  appears  massive 
with  no  visible  bedding  planes.  Stylolites  parallel  to  bedding  are  com- 
mon. The  thin-  to  medium-bedded  units  are  generally  nonfossiliferous 
calcisiltite,  and  subordinately  bioclastic  calcarenite,  interbedded  with  cal- 
careous shale.  The  calcisiltite  and  calcarenite  beds  are  usually  frag- 
mented and  separated  into  roughly  equidimensional  cobbles.  The  dis- 
continuity surfaces  (fractures?)  in  these  beds  are  inclined  from  45  to  60 
degrees  to  bedding,  and  generally  filled  with  calcareous  shale.  This 
“brecciation”  of  the  coarser  grained,  more  brittle  beds  and  intrusion  by 
the  more  ductile  shale  gives  the  Keyset*  its  distinctive  cobbly  or  nodular 
appearance  on  weathering.  Whether  this  fragmentation  developed  before 
or  during  folding  is  not  known.  Knowles  (1966)  attributes  this  fragmen- 
tation to  either  downslope  movement  of  semiconsolidated  beds  or  to 
compaction.  The  cleavage  and  fragmentation  in  the  Keyser  are  particu- 
larly well  displayed  in  a sinkhole  on  the  Scales  farm  in  Pfoutz  Valley 
(Figures  20  and  85). 


CLEAVAGE 


BEDDING 


Figure  20.  Keyser  Formation  outcrop  in  an  abandoned  limestone 
quarry  on  the  Scales  farm  in  Pfoutz  Valley,  Liverpool 
To\wnship,  Perry  County.  Note  the  development  of 
cleavage  planes  and  the  alignment  of  angular  lime- 
stone fragments.  Average  attitude  of  bedding  here  is 
N66W,  22SW;  average  attitude  of  cleavage  is  N68E, 
54NW. 
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The  fossils  in  the  Keyset'  are  generally  disarticulated  and  broken  frag- 
ments of  brachiopods,  crinoids,  bryozoans,  molluscs,  and  ostracods. 
Whole  specimens  are  also  common  and  the  formation  provides  several 
good  fossil-collecting  localities.  One  such  locality  is  the  area  on  the  west 
side  of  Pa.  Route  275,  1 1/2  miles  (2.5  km)  north  of  Thom|xsontown 
(Plate  3).  The  top  and  southeast  slopes  of  this  hill,  which  forms  the 
south  side  of  Kurtz  Valley,  are  covered  with  fossiliferous  limestone  float. 

Insoluble  residues  of  the  Keyset'  limestone  consist  entirely  ot  light-  to 
very  light  gray  clay  and  very  fine  cpiartz  silt.  T he  insolultle  content 
ranges  from  8.8  to  20.8  percent.  A chemical  analysis  of  a representative 
sample  of  the  Tonoloway  and  Keyset'  beds  exposed  in  the  Jimiata  Lime- 
stone Company  cjuarry  on  Lost  Creek  Ridge  is  preseitted  in  .\ppendix 
II,  and  the  measured  section  is  describetl  in  Aitpeitdix  I,  locality  3 (see 
Figures  18  and  19).  O'Neill  (1964)  has  also  published  a chemical  analysis 
of  the  limestone  from  this  quarry.  At  this  locality  are  sonte  rather  exten- 
sive but  discontiituous  veins  of  white  crystalline  calcite,  occasionally 
containing  minor  amounts  of  white  and  purple  fluorite. 

Locally,  extensive  travertine  deposits  occur  in  sntall  caves  and  sink- 
holes (e.g.,  in  the  quarries  on  Lime  Ridge  north  of  Mount  Pleasant 
Mills,  Figure  21). 

Outcrop  Area  and  Thickness 

The  areas  underlain  by  the  Keyset'  Formation  are  usually  situated  on 
the  scarp  slopes  of  monoclinal  Lower  Devonian  ridges  in  the  northern 
part  of  the  quadrangle  (e.g.,  Firestone  and  Flint  Ridges),  and  at  the  base 
of  the  monoclinal  Lower  and  Middle  Devonian  ritlges  in  tlte  southern 
portion  (e.g..  Wildcat  and  Turkey  Ridges).  Locally,  the  Keyset'  is  ex- 
posed on  the  crests  of  sonte  of  the  smaller  anticlinal  and  synclinal  ridges 
(e.g..  Lime  and  Lost  Creek  Ridges).  rather  distinctive  terrace  is  de- 
veloped in  the  middle  of  the  Keyset  at  some  places.  This  terrace  sepa- 
rates the  steep  slopes  of  the  lower  part  of  the  formation  from  the  gent  let- 
slopes  underlain  by  the  upper  portion  (Firestone  and  Flint  Ridges). 
Throughout  the  quadrangle,  the  Keyset'  outcrop  Itelt  is  dotted  with  sntall 
abandoned  quarries  from  which  lower  Keyset'  limestoite  has  been  re- 
moved in  the  past  to  supply  local  kilns  producing  agricultural  lime. 

No  complete  exposure  of  the  Keyset  Formation  exists  in  the  quad- 
rangle. The  most  complete  section  occurs  in  the  juniata  L.imestone  (Com- 
pany quarry  on  Lost  Creek  Ridge  (Appendix  1,  locality  3).  The  thickness 
of  the  Keyset'  ranges  from  150  to  200  feet  (48  to  61  ni)  iit  the  Millerstown 
quadrangle,  contjjarable  to  the  thicknesses  measured  in  surrounding 
quadrangles  (Table  13). 
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Figure  21.  Keyser  limestone  outcrop  in  quarry  on  Limestone 
Ridge  north  of  Mount  Pleasant  Mills  in  Perry  Town- 
ship, Snyder  County.  A large  rockfall  has  occurred 
here  due  to  oversteepening  of  the  slope  during  quarry- 
ing operations  and  cavern  collapse.  Entrance  to  small 
cave  is  behind  large  block  at  right.  This  quarry  is 
believed  to  have  been  originally  opened  at  the  site  of 
an  old  sinkhole.  Extensive  travertine  deposits  and 
speleothems  occur  on  the  quarry  walls. 


Vormation  Boundaries 


The  lower  contact  ol  the  Keyser  is  sharp  and  contormable,  as  exposed 
in  the  quarry  wall  of  the  Juniata  Limestone  Company  on  Lost  Creek 
Ridge  (Figure  19).  I'he  fossiliferous,  nodular  beds  of  the  Keyser  contrast 
sharply  with  the  underlying  poorly  fossiliferous,  laminated  limestone  of 
the  Tonoloway. 

The  upper  contact  with  the  Old  Port  F'ormation  is  less  distinctive,  and 
is  rarely  exposed  in  the  Millerstown  quadrangle.  The  upper  Keyser  lime- 
stones grade  upward  into  shale  and  into  limestone  having  occasional 
dark-gray  chert  nodules.  This  grades  into  a mixed  limestone,  cherty  lime- 
stone, and  bedded  chert  sequence,  overlain  by  the  predominantly  chert 
layers  characteristic  of  the  Old  Port  Formation. 


Table  13.  Thickness  Values  for  the  Keyser  Formation  in  the  Vicinity  of  the  Millerstown  Quadrangle 
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To  the  west  in  the  MifBintown  quadrangle,  the  top  of  the  Keyset  is 
marked  by  a distinct  chert  bed  (Conlin  and  Hoskins,  1962).  To  the  east, 
Wood  and  others  (1969)  include  the  Helclerberg  with  the  Keyset  because 
of  poor  exposures  and  because  of  the  lithologic  similarity  between  the 
Coeymans  and  New  Scotland  Members  and  the  underlying  limestone 
units. 

Age 

The  Keyset  Formation  was  originally  described  as  the  oldest  Devonian 
formation  in  the  central  Appalachians  (Ulrich,  1911).  Since  that  time,  the 
age  of  the  Keyset  has  been  controversial,  because  its  fauna  has  both 
Upper  Silurian  and  Lower  Devonian  aspects.  Reeside  (1917)  assigned  the 
Keyset  to  the  Devonian,  Swartz  and  Swartz  (1941)  tentatively  concluded 
that  the  Keyset  was  Silurian,  and  the  Geological  Society  of  America 
Correlation  Charts  (Swartz  and  others,  1942)  list  it  as  Silurian  and  ques- 
tionably Devonian.  Boucot  (1957)  pointed  out  the  Keyset  could  be  con- 
sidered as  either  Lower  Devonian  or  Upper  Silurian,  depending  on 
whether  brachiopods  or  graptolites  are  used  for  correlation  with  the  type 
areas  in  Europe.  Bowen  (1967)  recognized  two  brachiopod  faunal  zones, 
an  upper  Meristella  praenuntia  Zone  and  a lower  Eccentricosta  jersey- 
ensis  Zone.  Bowen  concluded  that  (p.  17)  “The  evidence  is  not  strong 
in  any  direction,  but  placing  the  boundary  within  the  Keyset  Limestone, 
between  the  two  faunal  zones,  best  fits  present  data.” 

Recent  correlation  charts  by  Berry  and  Boucot  (1970),  Oliver  and 
others  (1969),  and  Berdan  and  others  (1969)  show  the  Keyset  Formation 
as  both  Silurian  and  Devonian  in  age.  The  Silurian  part  of  the  Keyset 
correlates  with  the  upper  part  of  the  Pridoli  Series,  and  the  Devonian 
interval  is  assigned  to  the  Helclerberg  (Geclinnian)  Stage. 

Sedunenlation 

The  richer,  more  diverse  fauna,  the  small  amount  of  clay,  and  the 
absence  of  evaporites  in  the  Keyset  as  compared  to  the  Tonoloway  For- 
mation indicate  that  conditions  had  changed.  The  broad,  shallow  epeiric 
sea  which  had  occupied  most  of  the  Appalachian  basin  since  the  sub- 
mergence of  the  Bloomsbtirg  delta  in  Middle  Silurian  time  had  become 
slightly  deeper,  sources  of  terrigenous  sediment  were  more  remote,  and 
conditions  of  normal  salinity  and  good  circulation  prevailed. 

LaPorte  (1969)  indicates  that  tidal-flat  and  shallow  subtidal  conditions 
prevailed  on  the  central  Appalachian  shelf  during  the  deposition  of  the 
Keyset.  However,  uncjuestioned  tidal-flat  sediments  have  not  been  recog- 
nized in  the  Key.ser  in  the  Millerstown  quadrangle,  although  they  may 
be  represented  by  the  laminated  beds  in  the  upjter  portion. 
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Head  (1969)  described  the  variations  in  marine  sedimentary  environ- 
ments which  existed  during  the  deposition  of  the  Keyset'  Formation.  His 
reconstruction  of  the  paleogeography  of  the  Appalachian  basin,  based  on 
the  distribution  of  lithofacies  and  biofacies  in  the  Keyser,  indicates  that 
this  area  w’as  near  the  bathymetric  axis  of  a basin  which  was  open  to  the 
southw'est  and  restricted  or  closed  on  the  other  three  sides. 

DEVONIAN  SYSTEM 

The  Devonian  section  in  central  Pennsylvania  is  thick  and  well  ex- 
posed. These  formations  were  first  studied  and  correlated  with  the  Devo- 
nian of  New  York  State  by  Rogers  (1858).  Oliver  and  others  (1969,  1971) 
traced  the  thickness,  lithofacies,  and  subsurface  correlations  of  the  Devo- 
nian across  the  Appalachian  basin,  and  Jones  and  Cate  (1957)  discussed 
the  regional  stratigraphic  relationships  of  the  Devonian  in  Pennsylvania. 

In  the  Millerstown  quadrangle,  the  Lower  Devonian  is  represented  by 
limestone,  calcareous  shale,  and  chert  beds  in  the  Keyser  and  Old  Port 
Formations,  and  by  the  Needmore  Shale  Member  of  the  Onondaga  For- 
mation. Except  for  the  thin  Selinsgrove  Limestone  Member  of  the  Onon- 
daga at  the  base,  the  Middle  Devonian  is  entirely  clastic,  as  are  all  of  the 
succeeding  formations  in  this  area.  Middle  Devonian  formations  above 
the  Onondaga  include  the  Marcellus  black  shale  and  the  Mahantango 
Formation,  a series  of  upward-coarsening  cycles  of  shale,  silty  claystone, 
siltstone,  and  (locally  conglomeratic)  sandstone.  The  Ujjper  Devonian 
strata  consist  of  thick,  interbedded  sandstone,  siltstone,  and  shale  of  the 
marine  Trimmers  Rock  and  Harrell  Formations  and  the  largely  non- 
marine, upward-fining  cyclic  Catskill  Formation  (Plate  4). 

The  Lower  and  Middle  Devonian  strata  represent  a pre-orogenic  phase 
of  sedimentation  in  the  Appalachian  geosyncline,  and  the  thicker  Upper 
Devonian  formations  comprise  the  Late  Paleozoic  ffysch  (Trimmers  Rock 
Formation)  and  molasse  (Catskill  Formation)  sediments. 

Old  Port  Formation 

Name  and  Extent 

The  term  “Old  Port  Formation”  was  proposed  by  Conlin  and  Hoskins 
(1962)  for  the  interval  of  limestone,  shale,  chert,  and  sandstone  overlying 
the  Keyser  Formation  and  underlying  the  Needmore  Shale  Member  of 
the  Onondaga  Formation.  The  many  named  rock  units  which  occupy 
this  stratigraphic  interval  in  central  New  York  and  w’estern  Maryland 
are  not  easily  mapped  in  central  Pennsylvania  because  they  are  thin, 
locally  absent,  or  poorly  exposed.  The  Old  Port  Formation  is  a local, 
rather  than  a regional,  term  and  has  been  used  only  from  the  lower 
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Juniata  Valley  to  the  Everett  quadrangle  in  Bedford  County.  Willard 
and  others  (1939)  discussed  the  regional  relationships  of  the  Old  Port 
rocks  to  the  Helderberg  and  Oriskany  groups  elsewhere,  and  Head  (1974) 
discussed  the  correlation  and  paleogeography  of  the  Helderberg  Group 
in  the  central  Appalachians. 

Character 

Although  the  Old  Port  is  lithologically  quite  diverse,  the  rock  type 
which  is  most  characteristic  is  a whitish-weathering  dark-gray  to  black 
chert.  The  main  body  of  chert  in  the  Old  Port  is  underlain  by  calcareous 
shales  and  thin  limestone  beds  which  are  equivalent  to  the  Helderberg 
Formation,  and  is  locally  overlain  by  a thin,  porous  sandstone,  the 
Ridgeley  Member. 

The  limestone  is  medium  gray  to  blue  gray,  thin,  generally  micro- 
crystalline, slightly  siliceous,  fossiliferous,  locally  pyritic,  and  contains 
cryptocrystalline  chert.  The  shale  is  usually  gray  brown,  silty  to  locally 
very  sandy,  and  poorly  fissile  (Figure  22). 

The  chert  is  dark  gray  to  black  and  becomes  light  gray  to  white  or 
yellow  brown  on  weathering.  It  is  in  the  form  of  cryptocrystalline  silica. 


Figure  22.  Old  Port  Formation  exposure  on  the  east  end  of  Fire- 
stone Ridge  on  Maple  Street,  Beaver  Springs,  Snyder 
County.  View  looking  west.  Bedding  attitude  is  N71E, 
43NW. 
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Figure  23.  Outcrop  of  Ridgeley  sandstone  on  northbound  lane  of 
U.S.  Route  22-322  at  Midway,  Pennsylvania,  9 miles 
south  of  Millerstown  (Duncannon  7y2-minute  quad- 
rangle). 

often  displaying  a distinctive  radial  structure,  and  is  commonly  mixed 
with  microcrystalline  calcite  and  quart/,  silt.  The  chert  is  nodular,  thin 
bedded  or  massive,  slightly  calcareous,  and  possesses  a high  density  of 
fractures  which  are  often  fdlecl  with  thin,  white  calcite  veins.  I’he  great 
fracture  density  imparts  a blocky  character  in  weathered  outcrops,  anti 
these  sharp,  quasi-rectangular  chert  Iragments  form  a scree  deposit  which 
usually  conceals  the  underlying  strata  for  considerable  distances  down- 
slope.  The  chert  is  locally  quite  fossiliferous,  with  large  spirileroid 
brachiopods  and  gastropods  occurring  in  abtindance.  Radiolarians  and 
foraminifera  are  present,  and  authigenic  qtiartz  crystals  occur  as  vug 
fillings. 

I'he  Ridgeley  Member  is  a white,  light-gray  or  buff,  predominantly 
medium  grained  quart/  arenite,  very  fine  to  very  coarse  grained,  or  con- 
glomeratic, medium-  to  thick-bedded,  sliglitly  siliceous,  slightly  litnonitic, 
fossiliferous,  and  fairly  to  extremely  porous  (Figure  23).  It  consists  of  95 
to  98  percent  well-rounded  cpiart/  grains:  detrital  chert,  composite 
(juartz  grains,  and  quartz  silt  are  present  in  small  amounts.  WTll-rounded 
white  (]uartz  pebbles  up  to  a half  inch  (1.2  cm)  long  occur  only  rarely. 

The  framework  is  partially  cemented  with  silica,  and  a microcrystalline 
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calcite  matrix  is  sometimes  present.  Porosity  of  the  Ridgeley  Member 
usually  ranges  from  10  to  20  percent,  but  in  some  instances  it  is  some- 
what greater.  Because  of  the  arrangement  of  the  silica  cement,  the  per- 
meability of  the  rock  is  excellent,  imparting  to  the  Ridgeley  all  of  the 
characteristics  of  a good  reservoir  rock  capable  of  storing  and  transmit- 
ting significant  volumes  of  fluid.  The  petrology,  petrography,  and  origin 
of  the  Ridgeley  have  been  described  by  Stow  (1938)  and  Seilacher  (1968). 

Good  fossil-collecting  localities  are  often  found  in  the  Old  Port  Forma- 
tion. Two  of  these  are  the  Beaver  Springs  outcrop  mentioned  above 
(Figure  22)  and  the  area  on  the  east  side  of  Pa.  Route  275  one  mile  (1.7 
km)  south  of  East  Salem  in  Juniata  County.  The  fields  on  the  east  side 
of  this  hill  contain  fragments  of  Old  Port  limestone  and  chert;  silicified 
fossils  weather  out  in  the  float. 

Outcrop  Area  and  Thickness 

The  chert  and  cherty  limestone  beds  of  the  Old  Port  Formation  are 
fairly  resistant  to  erosion,  and  in  the  northern  part  of  the  quadrangle 
underlie  the  crests  of  ridges  (e.g.,  Firestone  and  Flint  Ridges).  In  the 
southern  part  of  the  quadrangle,  the  Old  Port  occurs  near  the  foot  of  the 
scarp  slopes  of  the  Middle  Devonian  ridges  (e.g..  Wildcat  and  Raccoon 
Ridges). 

Good  exposures  of  the  Old  Port  Formation  can  be  seen  on  Maple 
Street  in  Beaver  Springs,  on  Lime  Ridge  0.2  mile  (0.3  km)  north  of 
Mount  Pleasant  Mills,  and  on  the  west  side  of  Cocolamus  Creek  at 
Cocolamus.  Outcrops  of  the  Ridgeley  Member  are  rare  in  the  quad- 
rangle, but  can  be  seen  at  the  Lime  Ridge  exposure  cited  above,  and  on 
tbe  extension  of  Flint  Ridge  a half  mile  (0.8  km)  east  of  Richfield. 

I'he  Old  Port  Formation  is  50  to  100  feet  (15  to  30  km)  thick.  Willard 
and  others  (1939,  Figure  29)  presented  a stratigraphic  cross  section  show- 
ing the  thickness  variations  in  the  Ridgeley  and  Shriver  Formations  at 
17  localities  in  central  and  eastern  Pennsylvania. 

Formation  Boundaries 

The  lower  contact,  generally  covered  by  cbert  float,  appears  to  be 
conformable  and  gradational. 

Wood  and  others  (1969)  have  mapped  an  unconformity  at  the  base  of 
the  Ridgeley  Member,  where  the  pre-Ridgeley  strata  have  been  removed 
down  to  the  Bloomsburg  Formation.  I'he  Ridgeley  is  discontinuous  in 
the  Millerstown  tpiadrangle,  Itut  the  unconformity  is  not  expo,sed  here. 

I'he  upper  contact  consists  of  a rather  abriqn  change  from  chert  or 
sandstone  to  the  overlying  Onondaga  (Needmore)  shales.  A post-Ridgeley 
disconformity  has  been  postulated  (Willard  and  others,  1939;  Oliver 
and  others,  1969)  for  the  central  Pennsylvania  area. 
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Age 

I'he  Old  Port  Formation  is  Lower  Devonian  in  age,  and  is  correlated 
with  the  Flelderberg  and  Deerpark  stages  of  the  Ulsterian  Series  of  the 
North  American  Standard  Section  (Oliver  and  others,  1969).  Faunal  lists 
for  the  Old  Port  Formation  and  ecjuivalent  strata  in  central  Pennsyl- 
vania have  been  published  by  Reeside  (1917),  'Willard  (1932),  \Villard 
and  others  (1939),  and  Swain  (1958). 

T he  Ridgeley  Member  correlates  with  the  Oriskany  Sandstone  of  New 
York  State.  The  chert  interval  of  the  Old  Port  has  traditionally  been  con- 
sidered the  ecjuivalent  of  the  Shriver  chert  because  of  the  similarity  of  its 
fossils  with  those  of  the  Shriver  in  Maryland  (Conlin  and  Hoskins,  1962). 
However,  its  lithologic  character  is  more  similar  to  that  of  the  Corrigan- 
ville  chert  of  western  Maryland  and  Bedford  County,  Pennsylvania. 

Sedimentation 

The  Old  Port  Formation  includes  a variety  of  rock  types  which  were 
deposited  in  a number  of  different  local  environments;  however,  they  all 
bear  the  imprint  of  shallow  to  marginal  marine  sedimentation.  The  lime- 
stones are  largely  recrystallized,  so  that  their  original  texture  has  been 
destroyed  and  primary  structures  obscured.  The  diverse  faunal  assem- 
blage (Reeside,  1917)  in  the  limestones  of  the  Old  Port  (Helderberg)  in- 
dicates that  the  temperature  was  fairly  warm,  the  salinity  was  normal, 
turbidity  was  low,  and  circulation  unrestricted.  The  chert  in  the  Old 
Port  may  be  either  a product  of  direct  precipitation  from  sea  water  or 
an  early  replacement  of  microcrystalline  limestone.  Although  some  of 
the  chert  has  replaced  earlier  carbonate,  most  of  it  is  in  a cryptocrystal- 
line  form,  and  probably  resulted  from  the  precipitation  of  colloidal  silica. 

The  Ridgeley  Member  is  not  sufficiently  exposed  in  the  cpiadrangle  to 
permit  detailed  .seclinientological  analysis,  but  its  petrographic  cliaracter, 
marine  fauna,  and  excellent  porosity  suggest  it  is  a high-energy  shoreline 
deposit  of  sands  which  were  derived  from  older  setlimentary  rocks.  Seil- 
acher  (1969)  concludes  that  the  Ridgeley  is  a beach  deposit,  and  Stow 
(1938)  suggested  that  the  Oriskany  (Ridgeley)  is  a transgressive  deposit 
throughout  central  Pennsylvania.  Krvnine  (1941)  noted  the  presence  of 
quartzite,  chert,  and  sedimentary  rock  fra.gments  in  the  Oriskany  and 
concluded  that  it  is  a second-cycle  sandstone,  i.e.,  one  in  which  the  sands 
were  derived  from  older  sedimentary  rocks. 

Onondaga  Formation 

Xa  me  and  Extent 

The  term  Onondaga  Formation  has  been  in  general  use  in  the  central 
.Appalachians  since  it  was  hrst  applied  in  central  New  \'ork  by  Hall 
(1839).  The  rocks  included  in  the  Onondaga  in  central  Pennsylvania 
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were  originally  part  ot  Rogers’  (1858)  Post-Meridian  Limestone.  Claypole 
(1891),  Kindle  (1912)  and  others  verified  the  correlation  of  these  beds  in 
central  Pennsylvania  with  the  Onondaga  Formation  in  the  type  area  in 
Onondaga  CJonnty,  New  York.  The  current  usage  of  the  Onondaga  was 
established  by  Willard  and  others  (1939),  who  adojJted  the  name  Selins- 
grove  Limestone  (White,  1883)  for  the  ujjper  member,  and  proposed  the 
new  name  Needmore  Shale  for  the  lower  member.  For  a more  complete 
description  of  the  usage  and  terminology  of  the  Onondaga  see  Kindle 
(1912)  and  Willard  and  others  (1939).  The  Selinsgrove  and  the  Needmore 
Members  of  the  Onondaga  can  be  recognized  in  the  measured  section  at 
Wardville  (Appendix  I,  locality  3),  but  are  not  mapped  separately  in  the 
quadrangle. 

I’he  Onondaga  Formation  is  a mappable  unit  with  characteristic 
faunas  which  is  recognized  from  southern  Ontario  to  western  "Virginia 
and  West  Virginia.  It  is  present  in  Pennsylvania  wherever  Devonian 
rocks  are  preserved,  except  from  southeastern  Perry  to  Schuylkill  Coun- 
ties, the  area  of  the  postulated  Auburn  Promontory  (Swartz,  1939). 

Cliaradcr 

T he  Needmore  Member  (lower  shale)  of  the  Onondaga  Formation  is  a 
medium-gray  to  medium-light-gray,  fissile,  generally  calcareous  shale 
which  becomes  light  olive  gray  toward  the  base.  Thin,  fossiliferous  lime- 
stone lenses  occur  in  the  upper  half  of  the  member,  which  is  gradational 
with  the  overlying  Selinsgrove  Member. 

T he  Selinsgrove  Member  (upper  limestone)  of  the  Onondaga  Forma- 
tion is  a dark-  to  medium-gray,  dense,  microcrystalline  to  very  finely 
crystalline,  fossiliferous,  argillaceous,  locally  carbonaceous  limestone, 
which  is  thin,  medium,  and  thick  bedded.  I’hin  sections  of  the  Selins- 
grove Member  from  Wardville  show  that  the  limestone  is  predominantly 
an  argillaceous  biomicrite,  with  uj)  to  90  percent  broken  and  commi- 
nuted skeletal  material,  princiizally  ostracods  and  small  brachiopod 
shells.  ln.solid)le  residues  comprise  as  much  as  34  percent  (average  15 
percent)  of  the  limestones,  and  consist  of  slightly  silty,  brownish-black 
carbonaceous  clay,  with  traces  of  pyrite  and  siliceous  or  chitinous  shell 
material.  Swain  (1958)  extracted  light-brown,  browmish-yellow,  and 
greenish-brown  wax,  grease,  and  oil  from  samples  of  the  Onondaga  lime- 
stones at  Mount  Union,  Pennsylvania.  I’his  suggests  that  the  Onondaga 
is  a potential  petroleum  source  rock,  at  least  in  the  Mount  Union  area. 
A comparison  of  Swain’s  description  of  the  Onondaga  at  Mount  Union 
with  the  Wardville  section  in  the  Alillerstown  (|uadrangle  indicates  that 
it  is  similar  in  both  localities. 

T he  Tioga  bentonite  (metabentonite,  K-bentonite,  or  tuff  bed)  is  a 
thin  zone  of  interbedded  micaceous  shale,  very  fine  grained  sandstone, 
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and  limestone  at  the  top  of  the  Onondaga  Formation  (Fettke,  1952;  Den- 
nison and  Textoris,  1968).  This  bentonite  bed  is  a widespread  deposit  of 
crystal  tuff,  tulfaceous  siltstone,  ancf  bentonitic  shale  which  was  deposited 
over  the  entire  central  Appalachian  basin  as  ash  falls  associatetl  with  vol- 
canic activity  in  west-central  Virginia  (Dennison,  1969).  Units  20,  21,  and 
22  in  the  Wardville  Devonian  section  (Appendix  1,  locality  3)  represent 
the  Tioga  bentonite. 

Lapham  (tinpublished  mantiscript)  suggested  that  the  term  “K-bento- 
nite”  is  preferable  to  “metabentonite”  since  there  is  little  evidence  of 
metamorphism.  K-bentonite  is  a predominantly  illitic  clay  containing 
randomly  interstratified  montmorillonite  in  approximately  a 3:1  ratio  ol 
illite  to  montmorillonite,  and  containing  textural  and  mineralogic  char- 
acteristics retained  from  a volcanic  ash  or  tull,  such  as  gla.ss  shards,  high- 
temperature  feldsjiars,  ancf  clay  remnants  of  altered  phenocrysts. 

Outcrop  Area  and  Thickness 

Otitcrops  of  the  Onondaga  Formation  are  rare  in  the  Millerstown 
quadrangle.  By  far  the  most  complete  expostire  of  the  formation  is  on 
the  east  side  of  the  valley  of  Cocolamus  Creek  north  of  Wardville,  site  of 
the  Wardville  Devonian  section  (Appendix  1,  locality  3)  (Figure  24).  Par- 
tial expostires  of  the  Onondaga  Formation  may  be  seen  on  the  west  side 
of  Cocolamus  Creek  at  Cocolamus  (Needmore  Member),  in  the  south 
bank  of  Cocolamus  Creek,  1.9  miles  east  of  Millerstown,  in  the  bed  of 
Raccoon  Creek  a half  mile  west  of  the  juniata  River,  and  on  the  west 
side  of  Pa.  Route  275,  1.4  miles  north  of  Thompsontown  (Selinsgrove 
Member).  1 he  Onondaga  Formation  underlies  the  dip  slopes  of  the  Old 
Port  ridges  in  the  northern  part  of  the  cjuadrangle,  and  occurs  near  the 
base  of  the  scarp  slopes  of  the  prominent  Middle  Devonian  ridges  in 
the  southern  portion  (e.g..  Raccoon  and  Wildcat  Ridges). 

The  Onondaga  is  167  feet  (51  m)  thick  in  the  Wardville  Devonian  sec- 
tion, which  includes  68  feet  (21  m)  of  Needmore  shale  and  99  feet  (30  m) 
of  the  Selinsgrove  Member.  Onondaga  thicknesses  in  the  surrounding 
quadrangles  (Table  14)  indicate  a general  southward  and  eastward  thin- 
ning of  the  formation.  Wood  and  others  (1969)  stiggested  that  the  wedge- 
shaped  cross  section  of  the  Onondaga  is  a result  of  a very  gentle  north- 
ward tilting  and  slow  subsidence  of  central  Pennsylvania  during  Devo- 
nian time. 

Dennison  and  Textoris  (1968)  meastired  a section  throtigh  the  Tioga 
bentonite  in  the  Millerstown  quadrangle,  and  recorded  a thickness  of  5.6 
feet  (1.7  m),  which  included  4.3  feet  (1.3  m)  of  limestone  (77  percent)  and 
1.3  feet  (0.4  m)  of  shale  and  siltstone  (23  percent)  in  thin  and  very  thin 
alternations. 
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Figure  24.  Exposure  of  the  top  of  the  Onondaga  Formation  on  the 
east  side  of  Cocolamus  Creek,  0.3  mile  north  of  Ward- 
ville  in  Greenwood  Township,  Perry  County.  The  over- 
lying  Marcellus  shale  has  been  removed  for  use  as 
surfacing  material  on  unpaved  roads  in  the  area. 
Site  of  locality  3 (Appendix  I). 

Formation  Boundaries 

The  contact  of  the  Needmore  and  Selinsgrove  Members  of  the  Onon- 
daga is  entirely  conformable  and  gradational,  and  is  placed  where  the 
limestone  beds  become  dominant  over  the  shales.  However,  this  contact 
is  not  mapped  in  the  Millerstown  quadrangle  because  both  members  are 
poorly  exposed  and  the  contact  is  seldom  seen. 

The  contact  of  the  Onondaga  with  the  overlying  Marcellus  Formation 
is  conformable  and  interbedded  in  the  upper  few  feet  of  the  Selinsgrove 
limestone.  This  contact  is  well  exposed  in  the  Wardville  section  (Figure 
24). 

Age 

The  age  of  the  Onondaga  Formation  in  central  Pennsylvania  and  its 
correlation  with  the  type  section  in  central  New  York  has  been  the  sub- 
ject of  considerable  study  (Kindle,  1912;  Willard,  1932;  Willard  and 
others,  1939;  Swartz  and  Swain,  1941;  Cooper  and  others,  1942;  and 


Table  14.  Thickness  Values  for  the  Onondaga  Formation  in  Millerstown  and  Adjacent  Quadrangles 
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Oliver,  1954).  Oliver  and  others  (1969)  show  the  Onondaga  Formation  as 
Lower  and  Middle  Devonian  in  age,  the  boundary  being  placed  at  the 
contact  o£  the  Needmore  and  Selinsgrove  Members.  Both  members  are 
included  in  the  Onescpiethaw  Stage  of  the  Ulsterian  Series  of  the  North 
American  Standard  Section. 

The  Tioga  bentonite  is  considered  to  be  an  essentially  synchronous 
deposit  from  New  York  to  eastern  Ohio,  Virginia,  West  Virginia,  and 
eastern  I'ennessee.  As  such,  it  forms  a time  surface  which  is  utilized  to 
verify  and  refine  many  of  the  Devonian  stratigraphic  correlations  which 
were  originally  established  by  other  means. 

Sedimentalion 

I'he  highly  fossiliferous,  argillaceous  limestones  in  the  Onondaga  sug- 
gest that  it  was  deposited  in  a shallow  epeiric  sea  with  some  input  of 
terrigenous  material.  The  reefs  characteristic  of  the  formation  in  the 
central  New  York  outcrop  belt  are  not  seen  in  the  Millerstown  quad- 
rangle. The  increase  in  pyrite  and  carbonaceous  matter  in  the  upper  beds 
of  the  Selinsgrove  limestone  indicate  that  circulation  became  restricted 
and  reducing  conditions  prevailed  toward  the  end  of  Onondaga  sedi- 
mentation. 

I'he  occurrence  of  the  Tioga  bentonite  beds  at  the  top  of  the  Onon- 
daga Formation  indicates  a relatively  brief  period  of  vulcanism  which 
punctuates  the  stratigiaphic  column  in  the  Appalachian  basin.  The  vol- 
canic activity  responsible  for  this  ash  fall  was  coincident  with  a major 
change  in  .sedimentation  from  carbonate  to  elastics,  and  both  may  be  re- 
lated effects  of  a single  tectonic  event.  Marine  carbonate  sedimentation 
has  not  occurred  in  the  Alillerstown  quadrangle  since  that  time. 

Marcellus  Formation 

Natne  and  Extent 

The  name  “Marcellus”  was  originally  applied  to  a sequence  of  black 
fissile  shale  which  overlies  the  Onondaga  limestone  in  central  New  York 
(Hall,  1839).  Equivalent  strata  in  central  Pennsylvania  were  included  in 
the  Cadent  Lower  Black  Slates  (Rogers,  1858).  The  Marcellus  was  ex- 
panded by  Willard  (1935a)  to  include  not  only  the  black  shale  above  the 
Onondaga,  which  he  designated  the  Shamokin  Member,  but  also  two 
overlying  sandstone  units  (Turkey  Ridge  and  Mexico  sandstones)  and  a 
supposedly  present  upper  black  shale  unit  (Mahanoy  Shale). 

However,  the  Turkey  Ridge  and  Mexico  sandstones  are  now  considered 
to  l>e  part  of  the  overlying  Mahantango  Formation.  Thus  the  Marcellus 
is  herein  restored  to  its  original  definition,  being  restricted  to  the  black 
shales  between  the  Onondaga  Formation  and  the  Turkey  Ridge  Member 
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of  the  Mahantango  Formation,  lire  term  Shamokin  therefore  becomes 
redundant  anct  is  dropped. 

The  Marcelfus  Formation  retains  its  essential  lithologic  character 
throughout  a contiuuous  outcrop  belt  which  extends  from  central  New 
York  across  the  northwest  corner  of  New  Jersey  and  Pennsylvania  into 
Maryland,  West  Virginia,  and  Virginia.  The  Marcellus  Formation  and 
the  overlying  Mahantango  Formation  comprise  the  Hamilton  Group 
(Whllard  and  others,  19311). 

Character 

The  Marcellus  is  a homogeneous,  highly  fissile  shale,  dark-gray  to 
black  and  brownish-black,  carbonaceous,  rarely  fossiliferous,  noncalcar- 
eous,  slightly  silty,  and  locally  pyritic.  In  weathered  outcrops  it  is  light 
to  medium  gray,  sooty,  papery,  and  commonly  carries  a light-brown  to 
dark-yellowish-orange  limonitic  stain  ou  fracture  surfaces.  Along  the 
eastern  edge  of  the  cpuidrangle  thin  sandstone  beds  occur  in  the  lower 
part,  and  in  the  northeast  corner  of  the  cpiadrangle  a few  feet  of  light- 
gray  argillaceous  limestone  and  calcareous  shale  appears  near  the  middle 
of  the  formation.  This  limestone  is  probably  the  southwestern  edge  ol 
the  “Upper  Selinsgrove  Limestone"  of  White  (1883). 

\ detailed  description  of  the  Marcellus  in  the  Whuclville  Devonian 
section  is  presented  in  Appendix  I,  chemical  analyses  of  the  shale  from 
Wardville  and  Donnally  Mills  are  given  in  Aj^pendix  II,  and  a ceramic 
analysis  of  the  shale  from  Warchille  is  given  in  Appencfix  III. 

Outcrop  Area  and  Thickness 

In  the  southern  part  of  the  quadrangle,  the  Marcellus  shale  occurs 
near  the  base  of  the  scarp  slopes  of  the  homocfinal  ridge  formed  by  the 
more  resistant  cpiartzitic  sandstones  of  the  Mahantango  Formation  (e.g., 
Turkey  Ridge  and  Wilcfcat  Ricfge).  In  the  northern  portion,  the  Mar- 
cellus (together  with  the  Onondaga  Formation)  underlies  swales  between 
the  Old  Port  and  Turkey  Ridge  ridges.  The  best  exposures  are  at  Ward- 
ville (Figure  25)  and  ou  the  west  side  of  the  road  leading  south  from 
Donnally  Mills  (Appendix  I,  locality  4). 

The  Marcellus  Formation  is  106  feet  (32  m)  thick  at  \\hudville,  a 
thickness  consistent  with  thicknesses  measured  in  surrounding  cjuad- 
rangles  (Table  15). 

Forma t ion  B o u n da ries 

As  mentioned  above,  the  basal  contact  of  the  Marcellus  Formation 
with  the  underlying  Onondaga  Formation  is  conlormable  and  rather 
abrupt.  T he  upper  contact  ol  the  Marcellus  w’ith  the  Turkey  Ridge 
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Figure  25.  Marcellus  Formation  exposed  in  a small  quarry  north 
of  Wardville  in  Greenwood  Township,  Perry  County, 
site  of  the  Wardville  Devonian  section  (Appendix  I, 
locality  3).  Width  of  view  is  about  50  feet. 


Member  of  the  Mahantango  Formation  is  conformable  and  gradational. 
In  the  upper  5 feet  of  the  Marcellus  at  Cocolamus,  and  the  upper  21 
feet  at  Donnally  Mills,  the  shale  becomes  lighter  colored,  slightly  silty, 
and  contains  thin  interbedded  siltstone  and  very  fine  grained  sandstone 
beds.  Irregularities  on  the  base  of  the  Turkey  Ridge  sandstone  seen  in 
the  Donnally  Mills  section  are  probably  due  to  compaction  rather  than 
primary  erosional  relief,  since  the  basal  surface  of  the  sandstone  is  re- 
flected in  the  bedding  in  the  underlying  shale. 

Age 

The  Marcellus  Formation  is  Middle  Devonian  in  age,  and  is  correlated 
with  the  Cazenovia  Stage  of  the  Erian  Series  of  the  North  American 
Standard  Section  as  shown  on  the  Correlation  Chart  of  Devonian  Rock 
Units  in  the  Appalachian  basin  (Oliver  and  others,  1969).  Although 
fossils  occur  in  the  Marcellus  elsewhere  in  Pennsylvania  (Willard  and 
others,  1939),  none  were  found  in  this  quadrangle,  and  its  Middle  Devo- 
nian age  assignment  is  based  on  its  position  with  respect  to  the  Onon- 
daga limestone  and  the  Mahantango  Formation. 
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Sedimentation 

The  lithology  in  the  Marcellus  indicates  subaqueous  deposition  in 
water  below  the  depth  of  wave  base.  Circulation  was  apparently  some- 
wliat  restricted,  because  the  carbonaceous  organic  matter  has  not  been 
oxidized,  and  iron  is  present  in  the  reduced  form  (as  pyrite).  The  ab- 
sence of  current  indicators  implies  isolation  from  bottom  currents,  and 
the  high  clay  content  of  the  sediment  and  relative  scarcity  of  normal 
marine  fossils  suggest  that  the  water  was  quite  muddy. 

Such  conditions  exist  in  modern  sedimentary  environments  in  deep, 
protected  lagoons  and  in  enclosed  bays  or  marine  embayments  isolated 
from  open  marine  water  by  barrier  islands  or  reefs.  The  Marcellus  in 
central  New  York  is  considered  to  be  a back-reef  lagoonal  sediment,  de- 
posited in  an  area  isolated  from  open  marine  circulation  by  the  Onon- 
daga reefs  (Grahau,  1924).  However,  the  Onondaga  in  central  Pennsyl- 
vania is  not  a reef  limestone  and  does  not  appear  to  be  synchronous  with 
the  Marcellus.  The  nature  of  the  barrier  restricting  circulation  in  the 
Millerstown  area  is  not  known. 

I'he  deposition  of  the  Marcellus  Formation  marks  the  initiation  of 
clastic  sedimentation  which  continued  intermittently  through  the  rest  of 
the  Devonian,  Mississippian,  and  Pennsylvanian  Periods  in  this  area. 

Mahantango  Formation 

Name  and  Extent 

I'he  Mahantango  Formation  is  the  interval  of  sandstone,  siltstone,  silty 
claystone,  and  shale  overlying  the  Marcellus  Formation  and  underlying 
the  Trimmers  Rock-Harrell  Formations  (Willard,  1935a).  Five  members 
can  generally  be  distinguished  in  the  quadrangle.  They  are,  in  ascending 
order,  the  Turkey  Ridge  Member  (siliceous  sandstone  and  siltstone),  the 
Dalmatia  Memiter  (sandstone),  the  Fisher  Ridge  Member  (shale,  silt- 
stone, and  sandstone),  the  Montebello  Member  (sandstone),  and  the 
Sherman  Ridge  Member  (dominantly  shale  and  silty  claystone,  with  two 
very  fine  grained  sandstone  and  siltstone  intervals).  The  type  section  of 
the  Mahantango  Formation  is  located  along  Mahantango  Creek,  1.5 
miles  (2.4  km)  south  of  Meiserville  and  1.5  miles  (2.4  km)  east  of  the 
Millerstown  quadrangle. 

I'he  name  “Turkey  Ridge"  was  originally  proposed  by  Willard  (1935a) 
for  a “flaggy  to  massive,  comparatively  coarse,  hard,  olive-gray  sand- 
stone,” and  was  included  in  the  Marcellus  Formation  because  it  was 
thought  to  be  a sandstone  lens  enclosed  in  the  black  shale  of  the  Mar- 
cellus. The  black  .shale  above  the  Turkey  Ridge  was  then  called  the 
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Mahanoy  Member.  Miller  (1961,  p.  29)  observed  that  “the  Turkey  Ridge 
and  Mahanoy  Members  can  be  seen  to  pass  by  facies  change  into  the 
lower  part  of  the  Montebello  Formation  while  the  Shamokin  Member 
persists  throughout  the  [Loysville]  quadrangle  as  the  typical  Marcellus 
black  shale.”  In  addition,  the  Mahanoy  was  described  as  a laminated 
siltstone  and  black  silty  shale,  rather  than  a black  shale.  No  rocks  of 
Marcellus  lithology  were  observed  overlying  the  Turkey  Ridge  sand- 
stone in  the  Millerstown  quadrangle.  In  the  western  part  of  the  quad- 
rangle, a laminated  siltstone  and  black  silty  shale  overlies  the  Turkey 
Ridge,  whereas  in  the  eastern  part,  correlative  rocks  are  a uniform  olive- 
gray  silty  shale.  Because  of  the  absence  of  rocks  of  typical  Marcellus 
lithology  above  the  Turkey  Ridge  Memijer,  and  because  of  a similarity 
of  the  Turkey  Ridge  sandstone  to  otiter  sandstones  in  the  Mahantango 
Formation,  the  Turkey  Ridge  is  herein  reassigned  to  the  Mahantango 
Formation.  I’he  Turkey  Ridge  Memiter  has  not  been  recognized  beyond 
the  immediate  vicinity  of  the  lower  .Susquehanna  and  Juniata  Valleys. 
A dark-gray  to  olive-gray  sandstone  is  locally  present  directly  above  the 
Marcellus  Formation  in  the  Lykens  and  Pine  Grove  quadrangles  to  the 
east  (WMod  and  others,  1969),  and  may  be  an  eastward  extension  of  the 
Turkey  Ridge  sandstone.  This  sandstone  was  mapped  as  part  of  the 
Mahantango  Formation. 

Idle  Dalmatia  Memljer  is  a sandstone  and  siltstone  unit  which  overlies 
the  Turkey  Ridge  Member  in  much  of  the  Millerstown  and  Millersburg 
quadrangles.  It  is  named  for  the  village  of  Dalmatia,  Northumberland 
County,  which  is  situated  on  the  east  side  of  the  .Susquehanna  River 
approximately  5 miles  (8  km)  east  of  the  Millerstown  quadrangle.  The 
ty])e  section  of  the  Dalmatia  Member  is  located  in  an  abandoned  quarry 
along  the  Penn-Central  railroad  tracks  about  two  miles  (3.2  km)  .sotith 
of  Dalmatia  (Faill  and  others,  in  press).  The  Dalmatia  .Member  is  present 
on  Lock,  Turkey,  and  \Vildcat  Ridges  and  in  the  vicinity  of  East  Salem. 

The  Fisher  Ridge  Member  (Faill  and  others,  in  press)  is  named  lor  exjjo- 
sures  on  the  west  end  of  Fisher  Ridge,  near  Dalmatia  in  Northumberland 
County  (Millersburg  cjuadrangle).  The  Fisher  Ridge  Member  encom- 
passes all  the  rocks  between  the  Turkey  Ridge  or  Dalmatia  sandstones 
and  the  Montebello  Member,  and  is  correlative  with  the  Flantihon 
lower  shale  of  Claypole  (1885),  the  Mahantango  lower  shale  member  of 
Ellison  (1965),  and  the  lower  shale  and  sandstone  member  of  Conlin  and 
Hoskins  (1962).  I'he  Eisher  Ridge  Member  may  include  the  interval  pre- 
viously assigned  to  the  Mahanoy  Member  of  the  Marcellus  Eormation 
(Miller,  1961;  Conlin  and  Hoskins,  1962:  Dyson,  1963,  1967).  It  is  also 
correlative  with  part  of  the  “lower  sandstone  and  shale  member”  of  the 
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Mahantango  Formation  in  the  Lykens  and  Pine  Grove  quadrangles 
(Wood  and  others,  1969),  the  Gander  Run  Shale  Member  in  Huntingdon 
and  Bedford  Counties  (Ellison,  1965),  and  the  Levanna  Shale  Member 
of  the  Skaneateles  Formation  in  central  New  York  (Oliver  and  others, 
1969). 

The  Montebello  Member  was  named  for  exposures  at  Montebello  Nar- 
rows on  Little  Juniata  Creek  near  Duncannon  in  Perry  County  (Clay- 
pole,  1885).  Although  no  type  section  was  suggested  for  the  Montebello, 
Claypole  cited  Turkey  and  Wildcat  Ridges  as  being  underlain  by  this 
unit.  The  Montebello  is  restricted  to  the  Valley  and  Ridge  province  in 
central  Pennsylvania,  and  correlates  with  the  Chaneysville  Sandstone 
Member  in  Bedford  and  Fulton  Counties,  and  Backbone  Ridge,  Crooked 
Creek,  and  Donation  Members  in  Huntingdon  County  (Ellison,  1965). 

The  Sherman  Ridge  Member  (Miller,  1961)  includes  all  of  the  Mahan- 
tango Formation  above  the  Montebello  Member;  the  name  is  derived 
from  a ridge  south  of  Ickesburg  in  Saville  Township,  Perry  County 
(Loysville  quadrangle).  The  Sherman  Ridge  is  equivalent  to  the  “Hamil- 
ton Upper  Shale”  of  Claypole  (1885)  and  the  “upper  shale  and  sandstone 
unit”  of  Conlin  and  Hoskins  (1962),  and  correlates  with  the  Frame  Shale 
Member  (Willard,  1935a)  of  the  Mahantango  Formation  in  Bedford 
County.  The  upper  few  feet  of  the  Sherman  Ridge  Member  are  probably 
correlative  with  the  Tully  Member  of  the  Harrell  Formation,  as  de- 
scribed by  Dyson  (1963)  in  the  adjacent  New  Bloomfield  quadrangle. 

The  Sherman  Ridge  Member  contains  two  distinctive  intervals  of  very 
fine  sandstone  and  siltstone  which  can  be  traced  over  much  of  the  Mil- 
lei'stown  and  Millersburg  quadrangles.  The  lower  and  more  persistent  of 
these  is  informally  called  the  “Shaclle  sandstone,”  from  exposures  at  the 
town  of  Shadle  in  Perry  Township,  Snyder  County. 

The  Mahantango  Formation  is  recognized  from  the  Delaware  Valley 
area  of  northeast  Pennsylvania  and  southern  New  York  to  western  Mary- 
land, West  Virginia,,  and  Massanutten  Mountain  in  western  Virginia. 

Character 

A pattern  of  asymmetric  upward-coarsening  cycles  characterizes  most  of 
the  Mahantango  Formation  and  it  is  this  pattern,  as  well  as  lithologic 
similarity,  which  justifies  the  inclusion  of  these  separately  mappable 
members  in  one  formation.  A cycle  characteristically  begins  with  olive- 
gray  silty  claystone  and  culminates  in  light-olive-gray  siliceous  sandstone 
and  fine-  to  medium-grained  fossiliferous  or  conglomeratic  sandstones. 
The  contacts  between  successive  cycles  are  sharp,  consisting  of  an  abrupt 
decrease  in  grain  size  from  a sandstone  to  a claystone  or  silty  shale.  The 
upward  increase  in  grain  size  within  cycles  is  generally  gradual  although 
small  abrupt  changes  occur. 
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I'he  cycles  range  in  thickness  from  h Icet  (2  m)  to  250  feet  (70  m),  the 
thinner  cycles  occurring  predominantly  in  the  coarser  Montebello  Mem- 
ber and  the  thicker  cycles  in  the  finer  grained  Fisher  Ridge  and  Sherman 
Ridge  Members.  Mappable  units  range  horn  100  to  600  feet  (30  to  183  in) 
thick  and  consist  of  several  cycles,  except  for  the  two  submendrers  of  the 
Sherman  Ricige,  each  of  which  consists  of  a single  thick  cycle. 

The  maximum  grain  size  also  tends  to  decrease  laterally,  so  that  the 
coarser  beds  at  the  top  of  each  cycle  become  progressively  tliinner  and 
finer  until  they  merge  into  the  lower  part  of  another  cycle.  The  thick, 
mappable  cycles  extend  for  as  little  as  5 miles  (8  km)  and  as  much  as  30 
miles  (-18  km).  The  thinner  cycles  presumably  do  not  extend  as  far. 

Because  of  this  variable  extent  among  the  cycles,  and  the  variation  in 
grain  size  within  each  cycle,  the  lithologic  sequence  in  the  Mahantango 
varies  from  place  to  place.  That  is,  at  one  locality  a cycle  may  possess  a 
Montebello  lithology,  whereas  at  another  locality  its  finer  grain  size 
would  warrant  placing  it  in  the  Fisher  Ridge  Member.  Thus,  parts  of 
the  Fisher  Ridge  at  one  locality  are  correlative  with  parts  of  the  Monte- 
bello, Turkey  Ridge,  or  Dalmatia  Members  elsewhere  (Figure  26).  The 
members  of  the  Mahantango  Formation  are  mappable  on  the  basis  of 
maximum  grain  size  and  relative  position  within  the  formation.  In  gen- 
eral, those  cycles  which  possess  a maximum  giain  size  of  fine  sand  or 
larger  and  occur  in  the  middle  of  the  formation  comprise  the  .Xfonte- 
bello  Member.  The  only  other  sandstones  which  approach  the  Monte- 
bello in  coarseness  are  the  Turkey  Ridge  sandstone  at  the  base  of  the 
formation,  and  the  medium-  to  coar.se-grained  Dalmatia  sandstone  which 
overlies  the  I'urkey  Ridge.  The  finer  grained  cycles  occur  predominantly 
between  the  Turkey  Ridge  or  Dalmatia  and  the  Montebello  (Fislier 
Ridge  Member),  and  above  the  Montebello  (Sherman  Ridge  Member). 

The  Turkey  Ridge  Member  consists  of  light-  to  medium-olive-gray, 
very  fine  to  medium-giained  sandstone.  I'he  sandstone  is  a uniform 
poorly  sorted  subgi aywacke,  and  contains  considerable  quartz  silt,  clay, 
and  silica  cement  (Table  16).  The  unit  is  medium  to  thick  bedded  and 
planar  bedded,  but  is  typically  lacking  in  other  internal  structures.  Ex- 
ceptions to  this  are  the  crude  low-angle  crossbedding  which  is  occasion- 
ally seen,  and  trough-type  crossbedding  which  was  observed  at  WMrd- 
ville.  The  lithic  homogeneity  of  the  I'urkey  Ridge  is  reflected  in  the 
spheroidal  or  ellipsoidal  exfoliation  pattern  which  connnonlv  develops 
(Figure  27).  There  is  a medial  eight-foot  interval  of  shaly  siltstone  and 
shale  in  the  Turkey  Ridge  at  Donnally  Mills,  which  may  correlate  with 
a similar,  though  thinner,  zone  in  the  Turkey  Ridge  at  Cocolamus.  No 
fossils  have  been  found  in  the  Ttirkey  Ridge  sandstone  in  the  Millers- 
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Figure  26.  Correlation  of  cyclic  units  in  the  Middle  Devonian  Mahantango  Formation  in  the  Millerstown 
quadrangle.  Cycles  generally  become  coarser  upward.  The  width  of  the  symbol  is  proportional 
to  the  grain  size  in  the  rock. 
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Figure  27.  Turkey  Ridge  sandstone  exposure  on  the  east  side  of 
Delaware  Creek,  1 mile  north  of  Thompsontown  on 
Pa.  Route  235.  Note  tendency  to  fracture  with  an  ellip- 
soidal exfoliation.  Height  of  top  of  exposure  is  41  feet 
above  the  stream.  View  looking  northeast. 


town  quadrangle.  For  a detailed  description  of  the  Turkey  Ridge  lithol- 
ogy, see  Appendix  I,  localities  3 and  4. 

The  overall  geometric  form  of  the  Turkey  Ridge  Member  is  more  tab- 
ular than  other  sandstones  in  the  Mahantango  Formation,  and  it  main- 
tains a fairly  tniiform  thickness  over  a lateral  distance  of  some  60  miles 
(97  km)  from  the  East  Waterford  to  Pine  Grove  quadrangle. 

The  Dalmatia  Member  is  light-olive-gray  to  dark-gray,  very  fine,  fine- 
and  medium-grained  sandstone  with  a few  coarse  and  very  coarse,  well- 
rounded  quart/  grains  scattered  throughout.  Bedding  is  thin  to  medium 
and  jjlanar.  Locally,  as  at  the  Guyer  farm  near  East  Salem,  this  unit  con- 
tains shale  pebbles  iqr  to  3/4  inch  (2.3  cm)  in  diameter,  and  accumula- 
tions of  bracliiopod  shells. 

The  Fisher  Ridge  Member  has  a rather  uniform  lithology,  consisting 
of  interbedded  (laminated)  olive-gray,  medium-gray,  and  medium-olive- 
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gray  shale  and  shaly  siltstone  (Figure  28).  In  the  southwestern  part  ol  the 
quadrangle,  the  Fisher  Ridge  is  made  up  ol  alternating  laminae  ol 
medium-olive-gray,  argillaceous,  slightly  siliceous  siltstone  and  dark-olive- 
gray  fissile  shale.  The  siltstones  are  locally  sandy  witli  as  much  as  20  per- 
cent very  fine,  subangtilar  to  stdrrounded  quart/,  sand.  No  lossils  have 
been  reported  Iroin  the  Fisher  Ridge  Member  in  this  area.  Weathering 
ol  the  Fisher  Ridge  tends  to  accentuate  the  laminated  character  ol  the 
shale  and  the  color  tends  to  lighten  to  light  olive  gray  or  light  gray. 

A chemical  analysis  Irom  a composite  sample  from  the  lower  125  feet  ol 
the  Fisher  Ridge  Member  at  Donnally  Mills  is  presented  in  Appendix  II. 

The  Montebello  Member  is  a thick,  multicycle  clastic  wedge  ol  pre- 
dominantly very  fine  and  fine-grained  siliceous  sandstone  and  a little 
conglomeratic  sandstone.  The  grain  size  ranges  Irom  clay  and  silt  to  very 
coarse  sand,  as  shown  in  Figure  29.  Isolated  grains  ol  well-rounded, 
frosted,  medium  to  coarse  qtiartz  in  a fine-grained  sandstone  matrix  are 
characteristic  of  the  Montebello  in  some  areas,  as  on  Lock  and  Ttirkey 


Figure  28.  Fisher  Ridge  Member  of  the  Mahantango  Formation, 
exposed  in  a small  abandoned  quarry  south  of  Donnally 
Mills,  Pennsylvania  (Appendix  I,  locality  5).  Strata 
pictured  here  are  in  unit  9 of  the  Donnally  Mills  De- 
vonian section. 
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Diameter  scale,  log  -2 
A. Lock  Ridge  and  Turkey  Ridge 

Figure  29.  Histograms  of  grain-size  distribution  in  the  Montebello 
Member  of  the  Mahantango  Formation  at  Millerstown, 
Perry  County,  Shadle,  Snyder  County,  and  on  Lock  and 
Turkey  Ridges,  Juniata  and  Perry  Counties  (see  Plate 
3 for  locations).  Data  for  A are  taken  from  observations 
at  169  stations;  data  for  B from  measured-section  de- 
scription by  Ellison  (1965)  verified  by  field  observa- 
tions; data  for  C taken  from  measured-section  descrip- 
tion in  Appendix  I,  locality  5. 
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j Ridges.  The  color  is  predominantly  light  olive  gray,  but  is  locally  dark  to 
meditnn  light  gray,  olive  gray  or  dusky  yellow,  depending  on  the  amount 
of  clay  present  and  the  oxidation  state  of  the  iron  oxide.  On  weathered 
I surfaces,  the  sandstone  is  usually  dusky  yellow  to  pale  brown. 

The  Montebello  is  very  thin  to  thick  bedded,  with  medium  betiding 
predominating  (Figures  30  and  31).  Bedding  surfaces  are  generally  planar 
I to  slightly  irregular,  w'ith  poorly  developed  interference  ripple  marks 
common  at  some  localities.  The  siltstones  in  the  lower  parts  of  the  cycles 
tend  to  be  massive. 

The  distinct  sandstone  ledges  that  are  prominent  topographically  rep- 
resent the  tops  of  upward-coarsening  cycles  in  the  member  (Figtne  32). 
The  lower  parts  of  the  cycles  are  generally  graywackes  to  snltgiaywackes, 
with  interstitial  clay  matrix  comprising  20  to  40  percent  of  the  rock. 
Other  constituents,  mainly  chert  and  feldspar,  are  present  only  in  trace 
amounts.  The  upper  beds  are  cleaner,  better  sorted  orthotpiartzites.  The 
sand  grains  are  nearly  all  subrounded  to  stibangular  (piartz,  tightly 
, cemented  with  silica  (and  locally  calcite).  Thin  lenses  of  very  coarse  sand- 
stone (locally  conglomeratic)  in  the  upjter  parts  of  the  cycles  consist  of 


Figure  30.  Upper  beds  of  the  Montebello  Member  exposed  along 
Pa.  Route  104  at  Shadle,  Pennsylvania.  Sandstone  beds 
seen  here  are  in  units  24  and  25  of  the  Shadle  Devonian 
section,  locality  5.  Top  of  thick-bedded  sandstone  is 
the  contact  of  the  Montebello  and  Sherman  Ridge 
Members  of  the  Mahantango  Formation. 
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Figure  31.  Faulted  kink-band  fold  in  the  Montebello  sandstone 
exposed  northeast  of  the  confluence  of  Cranes  Run 
and  Cocolamus  Creek,  0.6  mile  north  of  Wardville. 
Several  of  these  small  folds  occur  in  the  Mahantango 
on  Lock  and  Turkey  Ridges  in  the  Wardville  area.  Fold 
axis  plunges  N67E,  7°  and  slickensides  on  the  promi- 
nent vertical  fracture  (roughly  parallel  to  the  plane  of 
the  photograph)  plunge  S16E,  9°. 


well-rounded  to  subroundcd  clasts  of  quartz,  c|uartzite,  siltstone,  and  met- 
amorphic  rock  fragments.  Maximum  observed  pebble  size  was  3/8  inch 
(1  cm)  and  the  maximum  conglomerate  thickness  was  20  inches  (50  cm). 

The  sandstones  in  the  upper  parts  of  the  cycles  are  locally  fossil iferous, 
with  large  numbers  of  brachiopods,  molluscs,  and  crinoids  (Table  17) 
occurring  l)oth  as  solitary  individuals  and  concentrated  in  lenses.  Casts 
of  fossil  wood,  jrlant  material,  and  bone  fragments  occur  in  the  Monte- 
bello sandstone  at  Wardville  and  East  Salem. 

Thin  zones  and  lenses  of  chamosite  oolites  occur  in  the  Mahantango 
Formation  at  Amity  Hall,  Girtys  Notch,  and  Rockville  in  the  adjacent 
New  Bloomfield,  Millersburg,  and  Harrisburg  quadrangles  (Faill  and 
others,  in  press).  Tliese  oolites  occur  in  dark-gray  silty  shale  at  the  tops  of 
coarsening-upward  cycles,  and  have  formed  alrout  nuclei  of  quartz  sand 
or  other  Irroken  oolites,  indicating  development  during  sedimentation 
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Figure  32.  Montebello  sandstone  exposed  in  a readout  on  Pa. 

Route  235  at  East  Salem,  Juniata  County.  The  alter- 
nating medium-bedded,  thin-bedded,  and  nonbedded 
intervals  correspond  to  fine-grained  sandstone,  very 
fine  grained  sandstone,  and  siltstone  beds.  View  is 
looking  eastward,  and  the  highest  beds  mark  the  top 
of  the  Montebello  Member. 

and  prior  to  burial.  According  to  Shep]jard  and  Hunter  (I9()0)  the  oolites 
are  composed  of  concentric  shells  of  chamosite,  collophane,  or  alternat- 
ing layers  of  chamosite  and  collophane.  Although  no  chamosite  oolites 
have  been  found  in  the  Millerstown  quadrangle,  their  occurrence  in  tlie 
adjacent  quadrangles  suggests  that  they  may  also  be  present  here. 

The  Shernuin  Ridge  Member  is  a light-olive-gray  fossiliferous  silty 
claystone,  containing  two  complete  upward-coarsening  cycles  and  one 
incomplete(?)  upward-coarsening  cycle.  The  silty  claystone  is  generally 
massive,  and  consistently  displays  an  ellipsoidal  or  spheroidal  exfoliation 
(Figure  33).  In  the  complete  cycles,  the  grain  size  increases  .gradationally 
toward  the  to[)  to  siltstone  (tipper  cycle)  or  sandstone  (lower  cycle, 
“Shadle  sandstone")  (see  Figtires  34  and  35).  The  coarser  betls  in  botli 
cycles  are  argillaceous,  siliceotts,  often  slightly  calctireotis  graywticke  h;i\- 
ing  a clay  content  of  10  to  45  percent.  T hese  Iteds  are  liighly  btirrowed, 
and  small,  Itroken  sliell  fragments  occtir  in  calcareous  samples  ol  the 
lower  cycle  or  “.Shadle  sandstone.”  Silica  is  the  tlominant  cementing 
material  and  the  effective  porosity  is  nil.  See  Appendix  I,  locality  5 for 
a description  of  the  "Shadle  stmdstone.” 
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Table  17.  List  of  Species  Collected  from  the  Mahantango  Formation 
in  the  Millerstown  Quadrangle^ 
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Coelenterata 
Favosites  sp. 

Pleurodictyum  slylopora  (Eaton) 
unidentified  rugose  coral 
Phylum 
Brachiopoda 


X 


Phylum 

Mollusca 

Class 

Cephalopoda 

Ractrites?  aciculum  (Hall) 
Spyoceras  nuntium  (Hall) 
unidentified  species 


X 


X 

X 


Camarotoechia  congregata  (Conrad) 

p 

X 

'’'Chonetes  lepidus'”  (Hall) 

X 

Delthyris  sculptilis  (Hall) 

X 

X 

Devonochonetes  coronatus  (Conrad) 

X 

X 

Devonochonetes  scitulus  (Hall) 

X 

X X 

X 

Devonochonetes  syrtalus  (Conrad) 

X 

Longespina  mucronatus  (Hall) 

X 

X 

X 

Mediospirifer  audaculus  (Conrad) 

X 

Mediospirijer  cf.  M . belliplicata 

X 

Mediospirifer  bellitropis  (Ellison) 

X 

X 

Mediospirifer  cf.  Al.  dromgoldi 

X 

Mediospirifer  miller stovunensis  (Ellison) 

X 

X 

X 

Mediospirifer  sp. 

X 

Mucrospirifer  mucronatus  (Conrad) 

X 

X 

X X 

X 

Paraspirifer  acuminatus  (Conrad) 

X 

X 

Protoleptostrophia  perplana  (Conrad) 

X 

X 

Retichonetes  marylandicus 

X 

Schuchertella  variabilis  (Prosser  and  Kindle) 

X 

X 

Spinocyrta  granulosa  ( Conrad ) 

X 

X 

Spirifer  tullius 

X 

Spirifer  sp. 

X 

X 

Tropidoleptus  carinatus  (Conrad) 

X 

X 

X 


X 

X 
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Table  17.  (Continued) 
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Gastropoda 

bellerophontid  gastropod 
Bembexia  laevis  ( Ellison  ) 

Bembexia  sulcomarginata  (Conrad) 
Cyclonema  sp.? 

Cyrtolites  (Cyrtonella)  mitella 
Holopea  macrostomus  (Hall) 
lanthinopsis?  sp. 

Loxonema  cf.  L.  delphicola 
Class 

Pelecypoda 

Xuculites  triqueter  (Conrad) 

Orthonota  undulata  (Conrad) 
Paleoneilo  constricta  (Conrad) 
Sphenodus  sp.? 
unidentified  species 
Class 

Pteropoda 

Tentaculites  attenuatus  Hall 
Phylum 
Arthropoda 
Class 
Trilobita 

Greenopi  bootni  var.  calliteles  (Green) 
Phacops  rana  (Green) 

Trimerus  (Dipleura)  dekayi  (Green) 
Phylum 
Echinodermata 
crinoid  columnals 
Phylum 
Bryozoa 

Tacniopora  exigua 


X X 

X X 
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X X 
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X X 


X 


? X 


X X 

X 


X 


X 


X XXX 


X X 


X 


Question  mark  indicates  identification  is  uncertain. 

' Fossil  identifications  by  Stephen  S.  Herr,  Donald  M.  Hoskins,  and  the  authors. 
^ List  for  Millerstown  quadrangle  includes  species  collected  by  Ellison  ( 1965). 
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Figure  33.  Sherman  Ridge  Member  of  the  Mahantango  Formation 
exposed  in  an  active  quarry  at  Kellerville,  Juniata 
County.  The  Sherman  Ridge  is  quarried  here  for  use  in 
road  construction.  Note  the  irregular  fracture  pattern 
and  characteristic  spheroidal  exfoliation. 

A bluish-black  adamantine  coating  of  manganese  oxide  (wad)  occurs 
on  the  bedding  planes  and  fracture  surfaces  of  the  claystones,  although 
the  manganese  oxide  content  is  quite  small  (Appendix  II). 

The  finer  grained  parts  of  the  Sherman  Ridge  Member  are  fossilif- 
erous,  with  dense  populations  of  brachiopods,  crinoids,  molluscs,  trilo- 
bites,  and  a few  corals  (Table  17).  A detailed  paleontological  study  of  the 
Mahantango  Formation  in  central  and  southern  Pennsylvania  by  Ellison 
(1965)  included  several  measured  sections  in  the  vicinity  of  the  Millers- 
town  quadrangle.  Other  faunal  lists  for  the  Mahantango  in  central  Penn- 
sylvania have  been  published  by  Willard  (1935a,  1938)  and  Willard  and 
others  (1939).  Good  fossil-collecting  localities  exist  in  the  Mahantango 
Formation  at  Wardville,  East  Salem,  Millerstown,  and  Shadle.  The 
greatest  density  of  fossils  and  largest  specimens  are  concentrated  in  the 
upper  few  feet  of  most  of  the  cycles  in  the  Montebello  Member. 

Outcrop  Area  and  Thickness 

The  Mahantango  Eormation  is  present  in  the  Millerstown  quadrangle 
in  four  linear  belts,  each  of  which  underlies  a prominent  ridge  adjacent 
to  the  Upper  Silurian  valleys  on  the  flanks  of  the  two  anticlinoria. 
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Figure  35.  Exposure  of  the  upper  silty  zone  in  the  Sherman  Ridge 
Member  at  Maze,  Juniata  County.  Interbedded  silt- 
stone  and  very  fine  grained  crossbedded  sandstone. 


The  Montebello  sandstone  generally  occupies  the  summit  of  these 
ridges,  and  the  Turkey  Ridge  Member  normally  occurs  on  the  scarp 
slopes.  Different  Montebello  sandstone  beds  alternately  occupy  the  crestal 
position  because  of  the  lateral  variation  in  the  cycles  and  changes  in  dip. 
In  the  northern  part  of  the  quadrangle,  the  ridges  underlain  by  the 
Montebello  are  lower  because  the  sandstones  are  fewer,  thinner,  and  less 
resistant.  As  a result,  the  Turkey  Ridge  Member  forms  a ridge  of  its  own, 
separated  by  narrow  linear  valleys  from  the  adjacent,  usually  higher, 
Monteliello  and  Old  Port  ridges. 

Variability  in  crestal  units  is  demonstrated  on  Wildcat  Ridge,  for  ex- 
ample, where  two  resistant  Montebello  sandstone  ledges  form  the  crest 
near  the  western  end  of  the  ridge.  A distinctive  conglomeratic  sandstone 
bed,  which  is  found  on  the  dip  slope  below  the  summit  near  Millers- 
town,  gradually  assumes  the  crestal  position  as  these  beds  are  traced  east- 
ward across  the  tpiadrangle,  whereas  the  underlying  sandstone  ledges 
disappear.  A similar  change  occurs  on  Lock  Ridge  to  the  north.  The 
Fisher  Ridge  Memljer,  which  is  less  resistant  to  erosion,  generally  occurs 
on  the  scarp  slope  of  the  Montebello  ridges  (in  the  southern  part  of  the 
quadrangle)  or  under  the  valley  between  the  Montebello  and  Turkey 
Ridge  ridge  (in  the  northern  part). 

The  Sherman  Ridge  Alember  underlies  the  dip  slopes  of  the  Monte- 
bello ridges,  occasionally  developing  terraces  on  the  resistant  sandstones 
in  the  tops  of  its  cycles. 
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'I'he  only  complete  exposure  ot  the  I’urkey  Ridge  Member  in  the  area 
is  at  Donnally  Mills,  but  good  exposures  are  also  present  along  Delaware 
Creek  a mile  (1.6  km)  north  ot  I'hompsontown  (Figure  27)  . I'here  is  no 
complete  exposure  ot  the  Dalmatia  Member  in  the  cpiadrangle,  but  the 
lower  180  teet  ot  it  can  be  seen  in  the  Wardville  Devonian  section  (Appen- 
dix 1,  locality  3).  1 he  Fisher  Ridge  Member  is  best  exposed  along  Mahan- 
tango  Creek  south  ot  Meiserville  (Dalmatia  quadrangle),  in  the  type 
section  tor  the  Mahantango  Formation.  Good  exposures  ot  the  Mahan- 
tango  Member  are  present  on  the  end  of  Raccoon  Ridge  opposite  Millers- 
town,  along  the  east  side  ot  Cocolamus  Creek  north  ot  Whirdville  (Figtire 
31),  and  at  East  Salem  (Figure  32).  I'he  Sherman  Ridge  is  exposed  in 
several  small  t|uarries  opened  in  this  member,  as  on  Raccoon  Ridge 
opposite  Millerstown,  at  Kellerville  (Figure  33) , Seven  Stars,  and  Shadle 
(Figure  34). 

I’he  Mahantango  Formation  is  approximately  1700  to  2050  feet  (518 
to  625  m)  thick  in  the  quadrangle.  Because  ot  the  lateral  variations  in 
the  cycles,  the  thickness  ot  the  tormation  and  its  individual  members 
varies  greatly.  The  Turkey  Ridge  is  about  100  feet  (30  m)  thick  ocer 
much  of  the  quadrangle,  ranging  from  79  teet  (24  m)  at  Wardville  and 
124  feet  (38  m)  at  Donnally  Mills  to  less  than  20  feet  (6  m)  at  Mt. 
Pleasant  Mills.  T he  maximum  thickness  of  the  Dalmatia  Member  is  esti- 
mated at  305  feet  (93  m).  The  Fisher  Ridge  Member  is  absent  in  the 
southwest  but  is  up  to  700  teet  (213  ni)  thick  at  .Mt.  Pleasant  Mills.  The 
Montebello  is  900  feet  (274  m)  in  the  south  and  thins  to  200  feet  (61  m) 
in  the  northern  part  ot  the  (juadrangle.  T he  Sherman  Ridge  .Member  has 
a relatitely  constant  thickness  throughout  the  tpiadrangle  (500  to  700 
teet,  152  to  213  m).  .Measurements  Ironi  surrounding  (|uadrangles  suggest 
that  the  interval  ecjuivalent  to  the  Tully  Member  is  horn  zero  to  17  feet 
(5.2  m)  thick  in  this  area. 

Regionally,  the  Mahantango  Formation  maintains  a fairly  constant 
thickness  in  central  Pennsylvania.  Most  of  the  member  thickness  changes 
which  occur  within  the  formation  are  accompanied  by  compensatory 
changes  in  other  members.  I'he  tlominant  change  is  the  thinning  of  the 
.Montebello  Member  trom  more  than  900  feet  (275  in)  in  the  Marysville- 
Rockville  area  in  southern  Perry  County  to  zero  in  northern  Snyder 
County,  as  shown  in  isopach  maps  by  Whllard  and  others  (1939)  and 
Faill  and  others  (in  press).  .Another  isopach  map,  by  WMod  and  others 
(1969),  also  shows  a northward  thinning  ot  the  Montebello  in  the  an- 
thracite region.  Each  isopach  map  shows  fan-shaped  sandstone  bodies 
with  their  apexes  in  the  south  some  thirty  miles  apart. 

I'he  thickness  of  the  Mahantango  Formation  and  its  members  in  the 
vicinity  of  the  Millerstown  quadrangle  is  presented  in  Table  18. 


Vicinity  of  the  Millerstown  Quadrangle 
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‘ Missing  data  indicates  intervals  not  measured. 

* Mahanoy  Member. 

**  Refers  to  15-minute  quadrangle  unless  otherwise  stated. 
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Formation  Boundaries 

As  mentioned  above,  the  lower  contact  ol  the  d’urkey  Ridge  Member 
is  both  conlormable  and  gradational.  Where  the  Dalmatia  Memirer  is 
absent,  the  upper  contact  ot  the  Turkey  Ridge  sandstone  (with  the 
Fisher  Ridge  Member)  is  sharp  and  conlormable,  as  seen  at  Donnally 
Mills  (Appendix  1,  locality  4).  The  contacts  ot  the  Dalmatia  sandstone 
have  not  been  observed.  The  upper  contacts  ol  the  Montebello  and 
“Shadle”  sandstones  are  sharp  and  conlormable  (Figure  30).  The  top  of 
the  Mahantango  Formation  (Sherman  Ridge  Member)  and  its  contact 
with  the  overlying  Harrell  Formation  are  not  exposed  in  the  cjuadrangle. 
However,  bedding  on  opjsosite  sides  ot  the  contact  tends  to  be  parallel, 
indicating  cither  conformity  or  paraconlorniity  at  the  contact. 

Age 

The  Mahantango  Formation  is  Middle  Devonian  in  age.  The  Turkey 
Ridge,  Dalmatia  and  Fisher  Ridge  Meml)ers  correlate  with  part  ot  the 
Cazenovia  Stage  ot  the  Erian  Series.  The  Monteljcllo  Member  is  ecpiiv- 
alent  to  most  of  tlie  Cazenovia  Stage  and  jxut  ot  the  later  Tioughnioga 
Stage.  I’he  Sherman  Ridge  Member  is  ecpiivalent  to  the  remainder  ot 
the  Tioughniogan  Stage  and  a part  ot  the  Taghanic  Stage,  the  latest  stage 
of  the  Erian  Series.  Correlative  units  to  the  .Mahantango  Formation  in 
the  New  York  Section  are  the  Skaneateles,  Ludlowville,  and  Moscow  For- 
mations ot  the  Hamilton  Group  (Oliver  and  others,  1969).  Calcareous 
shales  in  the  upper  few  feet  of  the  Mahantango  are  correlative  with  the 
Tully  limestone,  which  is  the  uppermost  unit  in  the  Middle  Devonian. 

Sedimentation 

T he  regional  stratigraphic  relationships,  overall  geometric  form,  se- 
quence ot  rock  types,  internal  structures,  and  fauna  of  the  Mahantango 
Formation  are  indicative  ot  dcjjosition  along  a prograding  marine  shore- 
line. Furthermore,  the  radial  pattern  ot  thinning  and  fining  in  most  of 
the  sandstone  units,  and  tlie  occurrence  of  coarsening-upward  (“reverse- 
graded’’)  cycles  in  known  deltaic  sequences  (deRaat  and  others,  196,6; 
(iardiner,  1976;  (iould,  1970;  Oomkens,  1970;  and  W’eber,  1971)  suggest 
that  the  Mahantango  Formation  is  a product  ot  deltaic  sedimentation. 

Sedimentation  at  the  beginning  of  each  cycle  began  well  below  wave 
base  with  dejiosition  of  clay  and  silt,  which  became  inogressively  coarser, 
culminating  in  the  deposition  of  clean,  fine-  to  medium-grained  sand 
(with  occasional  quartz  pebbles)  at  the  top.  Fhe  upward  increase  in  grain 
size,  sorting,  and  winnowing  of  tlie  sediment  within  the  cycles  suggests  a 
progressive  increase  in  the  effectiveness  of  wave  and  current  action,  jier- 
haps  reflecting  a gradual  decrease  in  water  deptli  as  sediment  accumu- 
lated. T he  concentration  of  brachiopods  and  molluscs  in  tlie  upper  parts 
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oi  tlie  cycles  suggests  tliat  during  the  late  phases  ol  the  cycles  conditions 
were  tavorable  for  these  organisms. 

Typical  examples  of  “complete”  deltaic  secjuences  have  tidal-flat, 
marsh,  and  fluvial  de])osits  overlying  the  marine  sediments  (Scruton, 
1 !)()();  Visher,  19()5).  I’he  Mahantango  cycles  are  apparently  incomplete 
because  each  cycle  is  abruptly  terminated  at  the  shallow  marine  jthase  of 
the  cycle,  with  a subsecpient  rettirn  to  deeper,  t|uiet-water  sedimentation. 
The  interruption  of  sediment  inptit  at  a given  locality  and  the  repetition 
of  cycles  may  have  restdted  from  the  abandonment  of  distributary  outlets 
with  a concomitant  transfer  of  .sedimentation  to  other  areas  of  the  delta. 
Stich  a shift  would  result  in  an  abrupt  decrease  in  .sediment  supply  at  a 
site  which  had  been  receiving  large  amounts  of  relatively  coarse  sedi- 
ment. Dejeosition  would  resume  only  after  a period  of  gradual  sidrsidence 
had  enabled  deeper  water  to  rettirn,  initiating  the  development  of  a new 
cycle  over  the  j^reviotis  one.  The  absence  of  supraticlal  and  fltivial  de- 
jiosits  indicates  that  the  sediment  supply  to  the  delta  was  never  great 
enough,  with  resiiect  to  the  rate  of  sediment  dispersal  and  subsidence, 
for  stibaerial  conditions  to  be  established. 

Kaiser  (1971,  1972)  recogni/ed  the  cyclic  nature  of  Mahantango  sedi- 
mentation, and  suggested  that  the  repetition  of  cycles  was  the  result  of 
successive  growth  and  abandonment  of  different  delta  lobes. 

rhe  repetition  ol  cycles  might  also  be  attributed  to  intermittent  uplift 
in  the  source  area  or  climatic  cycles  in  a static  highland  source  area.  The 
previously  described  model  is  favored,  however,  because  the  individual 
Mahantango  sandstones  are  not  considered  extensive  enotigh  to  reflect 
either  tectonic  events  or  climatic  cycles. 

Isopach  maps  ol  the  Montebello  sandstone  (Willard  and  others,  1939; 
Wood  and  others,  Ihbh:  Faill  and  others,  in  jness)  exhibit  a typical  delta- 
fan  shape  with  two  separate  apparent  “point  sources’'  to  the  south  and 
southeast.  These  “jxrint  sources”  probably  represent  the  points  at  which 
the  major  drainage  debouched  onto  the  delta.  The  presence  of  ejuartzite 
rock  fragments  indicates  that  .sedimentary  (or  metasedimentary)  rocks  were 
exposed  in  the  souice  area.  Willard  (193,5a)  has  suggested  that  some  of 
the  Turkey  Ridge  sand  was  derived  from  reworked  Oriskany  (Ridgeley) 
sandstone. 

The  relationship  ol  the  Tuikey  Ridge  Member  to  the  rest  of  the 
Mahantango  is  problematic;  although  lithologically  similar  to  the  other 
Mahanlaugo  sandstones,  the  Turkey  Ridge  sandstone  is  more  tabular  in 
form,  is  not  fossil iferous,  and  lacks  the  systematic  vertical  variation  in 
grain  size  seen  in  the  Montebello  and  Sherman  Ridge  Members.  The 
Turkey  Ridge  probably  represents  a sudden  increase  in  rate  of  sediment 
supply  in  the  relatively  stagnant,  restricted  basin  in  which  the  Marcellus 
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shales  had  accumulated  and  thus  marks  the  beginning  of  sedimentation 
on  the  Mahantango  delta. 

The  Dalmatia  Member  is  lithologically  similar  to  the  Montebello 
(although  it  lacks  the  conglomeratic  sandstone)  and  exposures  in  the 
Dalmatia  quarries  establish  it  as  the  first  upward-coarsening  cycle  of  the 
Mahantango. 

The  Fisher  Ridge  Member  represents  more  distal  portions  of  the  early 
delta,  and  grades  southward  into  the  lowest  Montebello  sandstones. 
Through  time,  the  nearshore  part  of  the  delta  (Montebello)  built  out- 
ward (cyclically)  and  northward  over  the  Fisher  Ridge  setliments.  The 
uppermost  cycles  of  the  Montebello  possess  the  gieatest  northwaird  ex- 
tent. North  of  the  Millerstown  quadrangle  it  is  represented  only  by  two 
thin,  rather  fine  grained  cycles. 

The  beginning  of  the  Sherman  Ridge  deposition  marks  a significant 
decrease  in  sediment  input  to  the  area  (relative  to  rate  of  sidisidence), 
although  the  cyclic  pattern  persisted.  The  two  Sherman  Ridge  cycles 
have  a greater  thickness  and  areal  extent  than  most  of  the  Montebello 
cycles,  and  there  is  a similar  northward  decrease  in  maximum  grain  si/e. 
The  large  communities  of  pelagic,  benthonic,  and  burrowing  organisms 
suggest  that  the  Sherman  Ridge  was  deposited  in  a more  normal,  oltshore 
marine  environment. 

The  widespread  and  diverse  marine  fauna  reported  from  the  Tully  in 
central  Pennsylvania  suggests  that  the  Tully  was  formed  in  a quiet,  nor- 
mal marine  environment.  Grabau  (1917)  and  Heckel  (1969)  studied  the 
petrography  of  the  I’ully,  and  found  evidence  that  the  carbonate  mud 
was  derived  from  a northern  source  in  central  New  York,  whereas  the 
terrigenous  clay  in  the  Tully  was  contributed  by  a source  which  lay  to 
the  southeast. 

Suscjuehanna  Group 

The  Stiscjuehanna  Group  (Miller  and  (ionlin,  1961),  originally  named 
the  Susquehanna  Series  by  Ashley  (1923),  is  a thick  deposit  of  sandstone, 
siltstone,  and  shale  above  the  Flamilton  Group  which  includes,  in  ascend- 
ing order,  the  Harrell,  Trimmers  Rock,  and  Gatskill  Formations.  Sus- 
quehanna Group  is  a useful  term  for  designating  beds  or  outcrops  which 
have  not  been  correlated  at  the  formation  level.  Jn  some  areas  difficidties 
arise  over  the  placing  of  formation  boundaries  within  the  Suscpiehanna 
Groiqr,  and  in  these  cases  the  gTOup  name  is  applicable. 

Trimmers  Rock— Harrell  Formations 

Name  and  Extent 

The  lowest  part  of  the  Suscjuehanna  Ciroiip  was  referred  to  as  the 
Vergent  Flags  (Rogers,  1858)  and  was  considered  to  be  ecpii valent  to  the 
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Portage  Formation  in  New  York.  The  overlying  pre-Catskill  rocks  were 
the  Vergent  Shales,  etjthvalent  to  the  Chemung  Group  of  New  York. 
Butts  (1918)  proposed  the  Harrell  Formation  for  a 250-foot-thick  (76  m) 
sequence  of  gray  ancf  black  shale  which  overlies  the  Hamilton  Group 
(and  d ully  limestone)  in  Blair  and  Huntingdon  Counties.  The  Harrell 
was  overlain  by  1000  feet  (305  m)  of  Braillier;  2000  feet  (610  m)  of 
“Chemung”  rocks  lay  between  the  Braillier  and  the  overlying  Catskill 
Formation.  Willard  (1935b)  defined  two  formations  between  the  Mahan- 
tango  and  Catskill  Formations,  the  Rush  Formation  (containing  the 
Tully  and  Burket  Members)  and  the  Fort  Littleton  Formation  (contain- 
ing, in  ascending  order,  the  Harrell,  Braillier,  Losh  Run,  Trimmers  Rock, 
and  Parkhead  Members).  Hoskins  (1963)  discarded  Willard’s  terminol- 
ogy, reinstating  Butts’  original  definition  of  Harrell  and  combining  the 
remainder  of  the  Fort  Littleton  into  the  Trimmers  Rock  Formation 
and  the  Braillier  Formation,  undivided  (see  Figure  36). 

In  the  Millerstown  quadrangle,  the  Tully  and  Burket  Members  and 
the  Braillier  Formation  have  not  been  recognized  as  a separate  lithologic 
unit;  the  shales  at  the  base  of  the  Susquehanna  Group  (Harrell)  grade 
into  the  shale-siltstone  sequence  characteristic  of  the  Trimmers  Rock. 
Because  of  poor  and  infrequent  expostires  of  the  Harrell,  the  Harrell 
and  Trimmers  Rock  Formations  have  been  mapped  as  a single  undivided 
unit  (Plate  1). 

Fhe  Harrell  Formation  extends  from  central  Pennsylvania  into  west- 
ern Maryland  and  West  Virginia.  The  Trimmers  Rock  Formation  is 
recognized  in  central  and  eastern  Pennsylvania  from  the  lower  Juniata 
River  valley  to  the  Delaware  Valley. 

A chemical  analysis  and  clay-shale  test  report  of  shales  from  the  Har- 
rell Formation  in  Liverpool  Township  appear  in  Appendix  II  and 
Appendix  III. 

Character 

The  Harrell  Formation  consists  of  dark-  to  light-olive-gray  and  medium- 
light-gray  silty  shale  which  is  generally  noncalcareous,  very  thin  bedded, 
and  breaks  w'ith  a blocky  or  splintery  fracture.  There  are  a few  thin  beds 
of  light-gray  argillaceous  and  siliceous  siltstone  in  the  upper  part.  The 
Harrell  is  barren  of  fossils,  but  excellent  examples  of  groove  casts  are 
occasionally  seen  (Figure  37). 

The  Trimmers  Rock  Formation  is  predominantly  light-olive-gray  and 
medium-gray  siltstone  and  silty  shale,  with  minor  interbedded  very  fine 
sandstone  in  the  upper  part  (Figure  38).  The  siltstones  are  graywackes 
(up  to  40  percent  clay  content)  generally  cemented  with  silica  (and 
locally  carbonate),  and  contain  burrows  filled  with  fine  silt.  The  shales 
are  poorly  fissile  and  commonly  grade  into  silty  claystones.  The  sand- 
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Figure  36.  Upper  Devonian  and  Lower  Mississippian  stratigraphic 
terminology  in  central  Pennsylvania. 


stones  are  similar  to  the  siltstones  except  for  grain  size.  The  bedding  is 
thin  to  very  thin  and  planar.  Individual  beds  ordinarily  maintain  a con- 
stant thickness  over  the  entire  length  of  an  outcrop.  Graded  bedding  is 
characteristic  of  the  Trimmers  Rock  siltstones,  which  fine  upward  from 
coarse  silt  (or  fine  sand)  to  very  fine  silt  (or  very  fine  sand).  Flute  casts, 
groove  casts,  load  casts,  ball-and-pillow  structtires,  slump  structures,  bur- 
rows, and  ripple  marks  are  also  common  (Figure  39).  The  Trimmers 
Rock  is  locally  fossiliferous,  particularly  in  the  upper  sandy  beds,  having 
marine  brachiopods,  pelecypods,  crinoid  columnals,  and  lenses  of  fossil 
debris  (Willard,  1932). 
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Figure  37.  Harrell  Formation  outcrop  at  the  junction  of  Pa.  Routes 
17  and  235  in  Liverpool  Township,  Perry  County.  The 
long,  straight  groove  cast  in  the  foreground  is  on  the 
under  surface  of  a bed.  Bedding  is  nearly  vertical  at 
this  location. 


Outcrop  Area  and  Thickness 

The  Trimmers  Rock-Harrell  units  are  exposed  in  Quaker  Valley  syn- 
clinorium  in  two  belts,  one  of  which  extends  northeastward  from  East 
Salem  towards  Shadle,  and  the  other  eastward  from  East  Salem  to  Ori- 
ental. Another  large  area  underlain  by  the  Trimmers  Rock-Harrell  is  in 
Perry  Valley,  in  the  south  limb  of  the  Tnscarora  Mountain  anticlinorium. 

The  Trimmers  Rock-Harrell  usually  develops  a distinctive  topographic 
expression  in  a homoclinal  structure.  Because  of  its  stratigraphic  position 
between  the  less  resistant  shales  of  the  Sherman  Ridge  Member  and  the 
more  resistant  sandstones  in  the  lower  part  of  the  overlying  Catskill  Eor- 
mation,  the  Trimmers  Rock  generally  occupies  scarp  slopes  on  ridges 
capped  by  the  Catskill.  The  Harrell  occasionally  crops  out  near  the  foot 
of  these  slopes.  The  distinctive  topographic  expression  of  the  Trimmers 
Rock-Harrell  is  a high-density  trellis  drainage  characterized  by  steep, 
V-shaped  valley  w'alls  and  flat  ridges  between  valleys. 
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Figure  38.  Trimmers  Rock  Formation  exposure  0.5  mile  north  of 
Maze,  Delaware  Township,  Juniata  County.  These  beds 
are  light-olive-gray  shale,  siltstone,  and  very  fine 
grained  sandstone  near  the  base  of  the  Trimmers 
Rock. 


The  Harrell  Formation  is  approximately  200  leet  (60  m)  thick.  The 
Trimmers  Rock  Formation  is  estimated  at  2000  to  2500  feet  (600  to  760 
m)  thick  in  the  Millerstown  qtiadrangle.  Thicknesses  of  the  Trimmers 
Rock-Harrell  and  correlative  rock  intervals  from  surrounding  areas  are 
compiled  in  Table  19.  Isopach  maps  have  been  published  by  Mclver 
(1961),  Frakes  (1967),  and  Wood  and  others  (1969). 

Formation  Boundaries 

The  nature  of  the  basal  contact  of  the  Harrell  Formation  with  tlie 
Mahantango  is  unknown  because  of  the  lack  of  exposure  within  the 
Millerstown  quadrangle.  Elsewliere,  the  contact  is  fairly  sharp,  being 
“transitional  only  through  a few  feet"  (Conlin  and  Hoskins,  1962).  The 
contact  of  the  Harrell  with  the  overlying  T rimmers  Rock  appears  to  be 
gradational.  South  of  the  quadrangle,  this  gradational  zone  consists  ot 
interbedded  shale  and  “thin,  blocky,  medium-gray,  fine-grained  sandstone 
beds  that  increase  in  number  and  thickness  upward”  (Dyson,  1967). 
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Figure  39.  Trimmers  Rock  Formation  exposure  along  west  side  of 
the  Juniata  River  on  the  east  end  of  Hominy  Ridge, 
1 mile  south  of  Millerstown,  Perry  County.  Units  shown 
here  are  light-olive-gray  siltstone,  shale,  and  very  fine 
grained  sandstone.  Prominent  load-cast  structures  are 
visible  near  the  center  of  the  photograph. 

The  top  of  the  Trimmers  Rock  is  placed  at  the  base  of  a sandstone 
bed  that  constitutes  the  base  of  the  lowest  upward-fining  cycle  which 
culminates  in  grayish-red  silty  claystone  characteristic  of  the  Catskill 
Formation.  The  best  exposure  of  this  contact  is  in  a roadcut  on  the  east 
side  of  the  Juniata  River  just  south  of  the  Newport  bridge.  Although 
regionally  the  Trimmers  Rock  and  Catskill  Formations  are  intertongu- 
ing  (Mclver,  1961;  Wood  and  others,  1969),  this  contact  seems  to  occupy 
the  same  position  throughout  the  Millerstown  quadrangle. 

Wheeler  (1963)  postulates  a major  unconformity  between  the  “Che- 
mung” (Trimmers  Rock  Formation)  and  the  overlying  Catskill  Forma- 
tion extending  over  much  of  eastern  and  central  North  America  (the 
Acadian  discontinuity).  No  evidence  for  such  a major  break  in  deposition 
was  noted  in  the  Millerstown  quadrangle. 

Age 

In  that  the  underlying  Tully  interval  of  the  Sherman  Ridge  Member 
of  the  Mahantango  Formation  is  of  uppermost  Middle  Devonian  age. 


Vicinity  of  the  Millerstown  Quadrangle 
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MILLERSTOWN  QUADRANGLE 


the  Harrell  Formation  and  Trimmers  Rock  Formation  are  Upper  Devo- 
nian in  age  (Finger  Lakes  Stage,  Senecan  Series)  (Oliver  and  others,  1969). 
Tlie  Trimmers  Rock  is  a time-transgressive  unit,  representing  sedimen- 
tation in  an  environment  which  migrated  westward  through  time  as 
basin  Idling  proceeded.  Hence,  similar  lithologies  are  progressively 
yotmger  to  the  west  and  southwest,  and  the  above  age  a.ssignment  is  valid 
only  in  the  lower  Juniata  and  Stisquehanna  Valley  region. 

Sedi7)ienlaiion 

Fhe  barren  shales  of  the  Harrell  suggest  a deep-waiter  environment. 
I’he  long  groove  cast  seen  in  the  Harrell  in  Liverpool  Township  was 
formed  by  an  object  (probably  a shell  or  pebble)  which  was  dragged, 
chitted,  or  slid  across  the  muddy  bottom,  and  is  diagnostic  of  current 
action,  d'he  Harrell,  then,  may  repre,sent  a deepening  of  the  basin  and  a 
change  from  the  shallow'  conditions  extant  during  Mahantango  sedimen- 
tation to  the  deeper,  turbidite  sedimentation  of  the  Trimmers  Rock. 
Sedimentary  structures  in  the  Trimmers  Rock  Formation  indicate  that 
it  is  essentially  a turbidite  fly.sch  deposit,  i.e.,  a deep-water  marine  clastic 
sediment  transported  and  deposited  in  large  part  by  density  currents 
(turbidity  currents)  w'hich  flow'ed  clown  the  paleoslope  and  across  the  sea 
floor.  Fhe  principal  indicator  of  turbidite  sedimentation  is  the  presence 
of  graded  bedding  in  thin  and  very  thin  units  which  persist  laterally  over 
considerable  distances  (Wells,  1961;  Botima,  1962).  I’he  prevalent  flute 
and  g)oo\e  casts,  sltimp  structures,  ball-antl-])illow'  structures,  and  load 
casts  are  also  characteristic  of  turbidite  deposition. 

The  greater  jrrominence  of  graded  beds  in  tire  low'er  part  of  the 
Trimmers  Rock  and  the  increasing  occurrence  of  medium-bedded  sand- 
stones with  sharp  upper  and  lower  contacts  in  the  ujrper  part  stiggest  a 
decrease  in  depth  of  w'ater  as  sedimentation  progressed.  The  more  prev- 
alent fossil  material  (showing  le.ss  evidence  of  transjjort  and  abrasion)  in 
the  tipper  jiart  sujiports  this  concltision. 

Mt  lver  (1961,  1!)7())  and  Frakes  (1967)  both  concluded  that  the  Trim- 
mers Rock  beds  were  deposited  by  bottom  currents  flowing  westward 
from  a sotirce  area  ol  sedimentary  and  low'-rank  metamor|)hic  rocks  that 
lay  to  the  east  or  soutlieast.  R.  G.  Walker  (1967)  establi.shed  criteria  for 
differentiating  jiroximal  turbidite  deposits  (those  deposited  at  the  foot 
of  the  basin  slojie)  from  distal  turbidite  deposits  (which  have  been  trans- 
ported some  distance  across  the  basin  floor).  Using  these  criteria,  the 
Trimmers  Rock  is  inter]iretcd  as  a distal  turbidite  cle|)osit  in  the  lower 
portion  of  a basin.  These  turbidites  become  sligiitly  more  proximal 
toward  the  toj),  Init  never  acejuire  the  characteristics  of  a true  proximal 
ttirbidite  (i.e.,  tliicker  bedding,  relatively  coar.ser  sand,  and  poorer  in- 
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ternal  size  grading),  perhaps  because  ol  an  insufficient  sand  supply  or  a 
decrease  in  bottom  currents,  d'his  change  probably  reflects  the  westward 
migration  of  the  Catskill  delta,  of  which  the  Trimmers  Rock  Formation 
is  an  offshore  marine  facies  (Mclver,  1961,  1970). 

Mclver  also  found  a very  uniform  trans]X)rt  direction  indicated  in  the 
Upper  Devonian  turbidite  sandstones  in  central  Pennsylvania  and  parts 
of  adjacent  states.  He  used  directional  sedimetitary  strtictures  such  as 
groove  casts  and  flute  casts,  orientation  of  invertebrate  fossils  and  plant 
fragments,  and  internal  grain  orientation.  The  average  current  direction, 
based  on  2,400  readings  at  297  exposures  in  the  central  Appalachians,  is 
approximately  due  west,  and  is  in  close  agreement  with  some  200  grain- 
orientation  analyses  that  were  made. 

Catskill  Formation 

Name  and  Extent 

4'he  ujrjrermost  and  by  far  the  thickest  formation  in  the  .Suscpiehanna 
Group  is  tlte  Catskill  Formation  (Ponetit  .Series  of  Rogers,  l<S,a8).  I'he 
name  Catskill  originated  in  the  Catskill  Mountains  of  east-central  New 
York  (Mather,  1810)  and  has  been  ajiplied  since  the  iSHO’s  to  the 
sequence  of  predominantly  red,  nonmarine  rocks  (ami  the  underlying 
transitional  marine-nonmarine  rocks)  of  Upper  Devonian  age  in  Penn- 
sylvania (White,  1881,  1882;  Claypole,  188,5;  d’lnvilliers,  1891,  among 
others;  see  also  Chadwick,  1933  for  the  early  history  of  the  name  Cats- 
kill). Although  a lower  “Chemung-Catskill  transition”  series  was  recog- 
nized (e.g.,  Claypole,  1885,  p.  288)  and  specific  units  in  the  Catskill  were 
named  (Rings  Mill  sandstone,  Dellville  sandstone),  the  Ciatskill  Forma- 
tion in  the  lower  Juniata  and  Susquehanna  Valleys  was  not  formally  sub- 
divided until  recently  (Arndt  and  others,  1962;  Dyson,  1963,  1967). 

Arndt  and  others  (1962)  divided  the  Catskill  Formation  into  a lower 
marine  and  nonmarine,  varicolored  Irish  Valley  Member  and  an  tqjper 
nonmarine,  dominantly  red  Buddys  Run  Member,  d'he  type  sectiotis  for 
both  members  are  located  near  Shamokin  in  Northumberland  County, 
20  miles  (32  km)  northeast  of  the  Millerstown  (piadrangie.  Dyson  (1963) 
used  the  same  subdivisions  at  Newjmrt,  but  farther  to  the  south  ;tt  (darks 
Ferry  (8  miles,  13  km,  south  of  the  Millerstown  (juadrangle),  he  replaced 
the  Buddys  Run  Member  wdth  the  Sherman  Creek,  (dark's  Ferry,  and 
Duncannon  Members  (Dyson,  1967).  1 he  Sherman  (deck  consists  of  3500 
feet  (1067  m)  ol  nonmarine  red  beds  (sandstone,  siltstone,  and  shale)  and 
is  lithologically  similar  to  his  Buddys  Run  Member  at  Newport.  I he 
Clark’s  Ferry  is  a coarser,  predominantly  gray  and  grayish-red  sandstone. 
The  Duncannon  consists  of  interbedded  red  and  nonred  sandstones  and 
grayish-red  siltstones  and  shales.  The  Clark's  Ferry  Mendter  is  not  pres- 
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ent,  and  the  Buddys  Run  Member,  equivalent  to  the  Duncannon  and 
Sherman  Creek,  is  not  used  in  the  Millerstown  quadrangle.  A comparison 
of  Upper  Devonian  stratigraphic  terminology  used  in  the  Millerstown 
and  the  adjacent  quadrangles  is  shown  in  Figure  36. 

I'he  subdivision  of  the  Catskill  Formation  in  the  Millerstown  quad- 
rangle is  based  on  a distinct  three-part  symmetry  in  which  a thick,  medial 
interval  of  red  siltstone  and  shale  (Sherman  Creek  Member)  is  sand- 
wiched between  units  that  contain  interbedded  red  and  nonred  sand- 
stone, siltstone,  and  shale.  The  lower  member,  the  Irish  Valley,  includes 
the  marine-nonmarine  transition  beds  at  the  base,  and  an  overlying  gray 
and  grayish-red,  upward-fining  cyclic  sequence.  This  usage  of  Irish  Valley 
encompasses  somewhat  more  than  that  of  Dyson  (1963),  and  includes  the 
lowest  500  feet  (150  m)  of  his  Buddys  Run  Member  (Figure  40). 

Overlying  the  Irish  Valley  is  the  Sherman  Creek  Member,  consisting  of 
interbedded  grayish-red  siltstones  and  silty  claystones,  with  a prominent 
gray  sandstone  interval  near  the  middle. 

The  upper  member  is  the  Duncannon,  comprising  gray  and  grayish- 
red  sandstones  and  grayish-red  siltstone  and  shale,  arranged  in  asym- 
metrical, upward-fining  cycles  that  are,  in  general,  thicker  than  those  in 
the  Irish  Valley  Member.  Grayish-red  siltstone  and  claystones  predomi- 
nate in  the  Duncannon,  although  a number  of  prominent  thick  gray 
sandstones  occur  toward  the  top  of  the  member  (Plate  6). 

The  Kings  Mill  Sandstone  bed  (Claypole,  1885)  is  a distinctive  gray 
conglomeratic  sandstone  occurring  near  the  base  of  the  Irish  Valley.  It 
can  be  traced  over  much  of  the  southern  part  of  the  Millerstown  quad- 
rangle, but  is  not  readily  discernible  in  the  northern  part. 

The  members  of  the  Catskill  Formation  used  in  the  Millerstown  quad- 
rangle are  defined  in  terms  of  units  in  the  Newport  section  in  Figure  40. 

The  name  Catskill  has  been  carried  from  the  Catskill  Mountains  in 
New  York  across  Pennsylvania  to  the  Susquehanna  and  Juniata  River 
valleys.  The  Irish  Valley  has  been  used  from  the  western  anthracite 
region  to  the  Juniata  valley.  The  Sherman  Creek  Member  can  be  traced 
for  some  distance  beyond  the  borders  of  the  Millerstown  quadrangle; 
the  Duncannon  Member  has  been  mapped  in  the  Millerstown,  Millers- 
burg,  and  New  Bloomfield  quadrangles,  and  is  recognized  as  far  east  as 
Monroe  County  (Sevon,  in  press)  and  as  far  northwest  as  the  Lock  Haven 
area  (Taylor,  in  press).  More  regional  correlations  of  the  Catskill  are 
given  in  Oliver  and  others  (1969)  and  Shepps  (1963). 
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Location  Map  THIS  REPORT 


Red-bed  intervals 


Figure  40.  Newport  Devonian  section,  exposed  along  the  William 
Penn  highway  on  the  east  side  of  the  Juniata  River 
opposite  Newport,  Pennsylvania,  showing  the  sub- 
divisions used  by  Dyson  (1963)  and  those  used  in  this 
report. 
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Character 

The  Catskill  Formation  consists  of  reel  and  nonred  clastic  rocks  that 
are  divisible  into  three  distinctive  members  in  the  Millerstown  quad- 
rangle. 

The  Irish  Valley  Member  is  a heterogeneous  unit  consisting  of  two 
contrasting,  interbedded  red  and  nonred  lithologic  assemblages:  marine 
shales,  siltstones,  and  sandstones;  and  nonmarine,  asymmetric,  upward- 
fining  cycles. 

The  marine  rocks  are  largely  nonred  (light  olive  gray,  light  gray  or 
gray  brown)  and  are  predominantly  siltstones  (ranging  from  silty  clay- 
stones  to  very  fine  sandstones).  Bedding  is  generally  thin  to  medium  and 
planar,  and  individual  siltstone  and  sandstone  beds  generally  have  sharp 
tops  and  Itottoms.  Some  of  the  siltstones  possess  a well-developed  si/e 
grading,  similar  to  the  turbidite  beds  in  the  underlying  Trimmers  Rock 
Formation.  Marine  fossils  are  common  in  these  beds;  some  of  the  sand- 
stone beds  contain  brachiopods  and  pelecypods.  Thin  lenses  of  brachiopod 
shell  coquina  occur  sporadically,  and  a number  of  beds  are  burrowed. 

I’hese  sequences  of  marine  beds  (5  feet  to  50  feet,  1.5  to  15  m thick) 
are  interbedded  with  nonmarine  rocks  of  similar  thickness.  The  non- 
marine beds  are  generally  organized  into  asymmetric  upward-fining 
cycles,  a sedimentological  pattern  that  is  characteristic  of  much  of  the 
(iatskill  Formation.  These  cycles  ideally  consist  of  four  lithologic  ele- 
ments (see  Table  20  and  Figures  41  and  43).  The  base  of  the  cycle  is  non- 
red sandstone  (element  A),  overlain  by  grayish-red  sandstones  (element  B), 
red  siltstones  (element  C),  and  red  silty  claystones  or  shales  (element  D). 
Although  not  all  of  the  cycles  contain  all  four  elements,  the  sequence  of 
tliose  elements  present  is  always  consistent  with  that  of  the  complete 
cycle.  Interrupted  cycles  (e.g.,  A-B-A-B-C-D)  and  nested  subcycles  (e.g., 
A-B-C-B-C-B-D)  are  common.  These  cyclic  secpiences  range  from  10  to  50 
feet  (3  to  15  m)  in  thickness  in  the  Irish  Valley. 

The  tipward-fining  cycles  generally  have  an  erosional  base,  with  a con- 
cave-upwaicl  geometry.  The  upward  decrease  in  grain  size  is  usually 
gradational,  from  a basal  medium-  or  fine-grained  sandstone  to  a fine 
siltstone  or  silty  claystone  at  the  top.  I'he  sandstones  are  generally  thick 
bedded  to  massive,  and  crossbedded  in  the  lower  few  feet,  becoming 
planar  bedded  above.  The  finer  sediments  are  usually  thin  and  medium 
bedded,  although  no  regular  tqjwarcl  decrease  in  bed  thickness  was  ob- 
served. The  advent  of  red  coloration  usually  occurs  at  the  approximate 
level  of  the  change  in  grain  size  from  very  fine  sand  to  coarse  silt, 
although  in  many  examples  the  nonred  color  persists  well  up  into  the 
finer  sediments.  I’he  intensity  of  the  red  color  noticeably  increases  in 
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Table  20.  Sedimentological  Elements  of  the  Fining-Upward  Cycles 
in  the  Duncannon  Member  of  the  Catskill  Formation 

The  cycles  in  the  upper  part  of  the  Irish  Valley  Member  are  similar,  but  are  generally 
thinner,  and  ordinarily  lack  the  conglomeratic  zones  and  coal  layers.  See  Figure  41  and 
Plate  6. 


Element 

Color 

Lithology 

Remarks 

(upper) 

.A 

Grayish  red  ( 10R4/'2); 
locally  greenish  gray 
(.')GY6 /I  ) in  upper 
few  inches. 

Silty  claystone  and 
shale. 

Generally  medium 
bedded  to  massive. 
Nested  subcycles 

common. 

B 

Grayish  red  (5R4/2) 

Siltstone,  argillaceous, 
very  finely  sandy  in 
lower  part. 

Thin-  to  thick-bedded, 
crossbedded,  with  gra- 
dational base  and 
fairly  sharp,  planar  top. 
Ripple  marks  common. 
Clastic  dikes  occur  in 

Duncannon  Member. 

C 

Grayish  red  ( 5R4  2 ) to 
dark  grayish  red 
( 5R3  '2 ).  Red  color 
increases  towards 
edges  of  channels. 

Sandstone,  very  fine 
grained,  silty,  locally 
fine  to  medium 
grained  at  base. 
Occasional  shale 

clasts. 

Medium-  and  thick- 
bedded,  crossbedded 
channel  deposit;  be- 
comes planar  bedded 
towards  the  centers  of 

the  channels. 

(lower ) 

D 

Medium  to  light  gray 
(N5  to  N7)  and  light 
olive  gray  (.5Y6/'l  ). 

.Sandstone,  very  line  to 
medium-grained,  local 
basal  conglomerate. 
Angular  shale  clasts 
are  common.  Occa- 
sional carbonate 

nodules  and  bi- 
tuminous coal  lenses. 

Occupies  erosional  chan- 
nels, lower  contact 
sharp  and  often 
grooved,  medium- 
bedded  to  massive, 
crossbedding  grades 

laterally  and  upward 
into  parallel  lamina- 
tion. 

the  finer  sediments  toward  tire  tops  ot  the  cycles.  The  upper  lew  inches 
of  the  grayish-red  silty  claystone  at  the  top  of  many  cycles  is  commonly 
a greenish-gray  color.  This  color  change  lollows  the  bedding  oidy  gen- 
erally, often  having  an  irregular  or  patchy  distribution. 

Ripple  marks  and  parting  lineations  are  faiily  common  in  the  Irish 
Valley,  particularly  in  the  finer  sand  fractions.  In  the  upjter  ])art,  fossil 
plant  material  and  pieces  of  petrified  wood  are  found  in  the  olive-gray 
sandstones.  Small  limestone  concretions  occur  in  the  basal  portion  ol 
some  of  the  upward-fining  cycles.  These  concretions  are  small  (less  than 
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D 


C 

B 

A 


Figure  41.  Idealized  Duncannon  Member  fining-upward  cycle,  as 
seen  in  the  exposures  along  U.S.  Route  22-322  at  Buffalo 
Mountain  (Plate  6). 


5 nim  in  diameter),  well  rounded,  nodular,  may  have  a concentric  layer- 
ing, and  are  sometimes  partially  replaced  by  pyrite.  Nuclei,  where  they 
occur,  are  generally  detrital  fragments  of  calcilutite  and  microcrystalline 
or  pelletal  limestone. 

The  interbedding  of  the  marine  and  nonmarine  sequences  occurs  in 
the  lower  892  feet  (272  m)  of  the  Irish  Valley  (units  118  through  145, 
Newport  section,  Dyson,  1963).  This  interval  constitutes  the  transition 
between  the  marine  deposition  of  the  Trimmers  Rock  Formation  and 
the  fluvial  deposition  common  to  the  Catskill.  The  change  is  gradual, 
with  the  number  of  upward-fining  cycles  increasing  upwards  (and  with 
a complementary  decrease  in  the  number  and  thickness  of  the  marine 
sequences).  The  upper  part  of  the  Irish  Valley  consists  almost  solely  of 
the  nonmarine  cycles  (units  37  through  117,  Newport  section,  Dyson, 
1963)  and  is  2211  feet  (674  m)  thick  at  Newport. 

Although  these  two  contrasting  rock  assemblages  can  be  fairly  well 
delineated  in  well-exposed  sections  (such  as  at  Newport),  their  common 
contact  cannot  be  mapped  and  thus  both  are  included  in  the  Irish  Valley 
Member. 

.\ccording  to  Walker  and  Harms  (1971)  there  are  between  20  and  25 
marine-nonmarine  alternations  in  the  Irish  Valley  Member  in  the  Sus- 
quehanna Valley  area.  Nine  of  these  cycles  were  measured  in  the  lower 
900  feet  (274  m)  of  the  Newport  section  (Walker,  1971).  Each  of  these 
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cycles,  which  are  lenned  “motils,”  consists  ot  a sharp,  generally  planar 
basal  surface,  overlain  by  gray  and  greenish-gray  tossiliterous  sandstone, 
siltstone,  fissile  shale,  and  mudstone  in  the  marine  phase,  and  red  silt- 
stone  and  mudstone  in  the  upper,  nonmarine  phase,  d he  secjuence  of 
rocks  of  the  marine  phase  consists  of  a lower,  Irioturlrated,  fossililerous 
sandstone  containing  bone  fragments,  phosphatic  nodules,  brachiopods, 
and  crinoids,  overlain  by  an  olive-gray  fissile  shale.  Above  this  are  alter- 
nating beds  of  siltstone,  mudstone,  and  fine-grained  sandstones  wliich  are 
crossbedded,  horizontally  laminated,  or  ripple  cross  laminated.  The 
upper,  nonmarine  phase  is  dominantly  grayish-red  siltstone  and  mud- 
stone containing  rootlets,  desiccation  cracks  and  tan  calcareous  nodides. 

I'he  Kings  Mill  sandstone  bed  is  predominantly  a gray,  fine-  and  very 
fine  grained,  fossiliferous  sandstone  bed  within  the  Irish  Valley  Member 
and  is  15  to  20  feet  (4.5  to  6 m)  thick  in  the  Newport  area.  Although  the 
Kings  Mill  sandstone  is  generally  well  cemented  with  silica  it  is  locally 
fairly  porous  and  friable.  Nortliwest  of  Newport,  the  sandstone  contains 
a conglomerate  which  occurs  in  lenses  up  to  three  feet  (I  m)  thick.  I’he 
conglomerate  is  approximately  90  percent  well-rotinded  quartz  pebbles, 
which  have  an  average  diameter  of  1/2  inch  (1.3  cm),  a maximum  size 
of  1 1/2  inches  (3.8  cm),  and  a distinctive  tabular  shape  (Figure  42). 
Other  constituents  include  gray  shale  pebliles,  jasper,  crystalline  igneous 
rock  fragments,  and  rare  well-rounded  crinoidal  limestone  pebbles.  4 he 
Kings  Mill  Sandstone  can  be  traced  westward  around  the  hinge  of  tlie 
Buffalo-Berry  synclinorium  and  thence  eastward  to  the  Juniata  River 
where  it  apparently  thins:  it  is  not  recognized  east  of  the  river.  However, 
further  eastward  in  Perry  Valley  and  also  in  the  Quaker  Valley  syn- 
clinorium the  Irish  Valley  contains  conglomeratic  sandstone  beds  at 
approximately  the  same  stratigraphic  position  as  the  Kings  Mill  sand- 
stone. 

The  conglomeratic  sandstones  east  of  the  Juniata  River  (extending 
from  Wildcat  Run  in  Perry  Valley  eastward  to  the  Susc|uehanna 
River)  are  light  olive  giay  to  gray  brown,  very  fine  to  coarse  grained, 
fossiliferous  (large  spirifer  brachiopods),  and  medium  bedded.  The  beds 
and  lenses  of  conglomerate  (maximum  thickness  of  3 feet,  1 m)  in  this 
sandstone  are  composed  largely  of  white,  talmlar  quartz  jicbbles  similar 
to  those  in  the  Kings  Mill,  and  have  an  average  maximum  size  of  1/4  to 
3/4  inch  (.6  to  1.9  cm). 

In  the  Quaker  Vhdley  synclinorium,  a conglomerate  approximately  1 to 
6 feet  (0.3  to  2 m)  thick  occurs  just  above  the  main  body  ol  the  basal 
sandstone.  The  quartz  pebliles  in  this  conglomerate  are  etpiant  rather 
than  tabular,  anti  range  u|)  to  one  inch  (2.5  cm)  in  size.  Fhc  matrix  is 
generally  medium-gray  (occasionally  grayish-red),  fine-  to  medium-grainetl 
sandstone. 


114 


MILLERSTOWN  QUADRANGLE 


The  Sherman  Creek  Member,  which  overlies  the  Irish  Valley  in  this 
area,  is  distinctive  in  the  large  proportion  of  red  beds  it  contains,  the 
absence  of  well-developed  fining-upward  cycles,  and  the  general  lack  of 
sediment  coarser  than  very  fine  sand.  The  Sherman  Creek  is  primarily 
grayish-red  to  reddish-gray  siltstone  and  silty  claystone  with  minor  in- 
tervals of  very  fine  grained,  crossbedded  sandstone.  Most  of  the  unit  is 
medium  to  thick  bedded  and  generally  the  contacts  between  beds  of  con- 
trasting grain  size  are  slightly  irregular  and  sharp  rather  than  grada- 
tional. The  alternation  of  siltstones  and  silty  claystone  beds  gives  the 
Sherman  Creek  Member  a distinctive  symmetrical  cyclicity,  which  con- 
trasts with  the  asymmetrical  cycles  in  the  Irish  Valley  and  Duncannon 
Members. 


Figure  42.  Block  of  tabular  quartz-pebble  cortglomerate  of  the 
Kings  Mill  sandstone,  from  an  exposure  on  the  south 
side  of  Hominy  Ridge  in  Juniata  Township,  Perry 
County.  Clasts  are  principally  discoidal-  or  tabular- 
shaped quartz  and  quartzite,  but  limestone  pebbles 
are  also  present.  Scale  in  inches. 
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The  asymmetric,  upward-fining  cycles  that  are  common  in  the  Irish 
Valley  dominate  the  upper  member  of  the  Catskill  Formation,  the  Dint- 
cannon  Metnber.  As  in  the  Irish  Valley,  the  cycles  contain  up  to  four 
elements,  from  nonred  sandstone  (element  A)  at  the  base  to  the  grayish- 
red  silty  claystone  and  shale  (element  D)  at  the  toj)  (see  Table  20  and 
Figures  41,  43,  and  44).  There  are  also  significant  differences  between  the 
Irish  Valley  and  Duncannon  cycles.  The  cycles  in  the  Duncannon  are 
generally  much  thicker  (30  to  150  feet,  9 to  45  m),  better  organized,  and 
individual  elements  within  the  cycles  are  also  thicker. 

The  sandstones  are  generally  micaceous,  argillaceous,  poorly  sorted, 
and  slightly  siliceous,  tend  to  be  conglomeratic  toward  the  base,  and 
occasionally  contain  petrified  wood  and  plant  fragments.  These  sand- 


Figure  43.  Fining- upward  cycles  in  the  Duncannon  Member  ex- 
posed along  the  southbound  lane  of  U.S.  Route  22-322 
at  Buffalo  Mountain.  Note  the  sharp  contact  at  the  base 
of  the  cycle  and  the  distinct  zonation  within  the  cycle. 
Compare  with  Figure  41.  Structure  in  foreground  is  a 
low-angle  reverse  fault  dipping  south,  toward  the  axis 
of  Buffalo-Berry  synclinorium.  Displacement  is  less 
than  1 meter. 
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stones  often  occupy  channels  eroded  into  the  shale  in  the  top  of  the 
underlying  cycle,  and  occasionally  steep-walled  channels,  produced  by 
laterally  cutting  currents,  are  exposed.  The  color  change  from  nonred 
to  red  tends  to  occur  at  the  top  of  the  sandstone  interval.  The  combined 
effect  of  clay  content  and  silica  cement  is  to  reduce  the  porosity  and 
permeability,  except  in  a few  thin  zones  in  the  lower  parts  of  the  cycles 
where  a poor  to  fair  porosity  was  noted. 

The  conglomeratic  lenses  contain  well-rounded  pebbles  of  quartz, 
quartzite,  siltstone,  carbonate  concretions,  and  angular  shale  fragments. 
The  pebbles  and  concretions  average  1/4  to  3/4  inch  (.6  to  1.9  cm)  in 
diameter,  with  a maximum  of  three  inches  (7.5  cm)  (Figures  44  and  45). 
Thin  laminae  and  lenses  of  bituminous  coal  (up  to  1 /4  inch,  .6  cm  thick) 
occur  in  the  nonred  sandstone  beds  of  some  cycles. 

Only  the  lowest  1421  feet  (433  m)  of  the  Duncannon  Member  is  ex- 
posed (intermittently)  in  the  Newport  section  (units  1 through  31,  Dyson, 


Figure  44.  Conglomerate  lens  filling  an  erosional  scour  at  the 
base  of  a cycle  along  the  southbound  lane  of  U.S. 
Route  22-322  at  Buffalo  Mountain.  Clasts  include  shale 
fragments,  coal  chips,  and  siltstone  and  claystone 
pebbles  which  are  generally  to  1 inch  in  length,  with 
a maximum  observed  length  of  3 inches.  Duncannon 
Member,  Catskill  Formation. 
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Figure  45.  Conglomeratic  sandstone  in  the  base  of  a fluvial  cycle 
in  the  Duncannon  Member,  Catskill  Formation.  Con- 
glomerate consists  of  subrounded  quartz  pebbles  and 
flattened  clay  pebbles,  in  a matrix  of  grayish-red, 
fine-  to  medium-grained  sandstone.  Pebbles  are 
smaller  than  two  inches  in  diameter.  Block  pictured 
here  is  right  side  up,  and  the  talus  block  above  shows  a 
bedding-plane  view  of  this  lithology. 


1963).  The  best  exposure  of  the  medial  Duncannon  is  the  recent  roadcut 
on  U.S.  Route  22-322  at  the  hinge  of  the  Bulialo-Berry  synclinorium, 
which  exhibits  312  feet  (95  m)  of  vertical  section,  and  1/2  mile  (.8  km) 
of  lateral  extent  (Figures  43,  46,  and  Plate  6).  Several  complete  fluvial 
cycles  are  exposed,  ranging  in  thickness  from  12  to  65  feet  (4  to  20  m),  a 
typical  example  of  which  is  illustrated  in  Figure  43.  A typical  complete 
cycle,  comprising  elements  A through  D,  is  illustrated  in  Figure  43. 

A number  of  clastic  dikes  (Wells,  1969)  occur  in  the  siltstones  of  at 
least  one  of  the  cycles  in  the  Buffalo  Mountain  West  section.  Tliese  dikes 
are  composed  of  dark-  to  light-grayish-red  and  gieenish-gray,  medium  to 
coarse  silt  which  locally  grades  into  very  fine  grained  saiulstone.  4 he 
dike  material  is  argillaceous,  micaceous,  slightly  hematitic,  poorly  sorted, 
and  has  little  porosity  or  permeability.  The  host  rock  is  a hne-graincd, 
argillaceous  siltstone,  which  is  grayish  red  to  dark  grayish  red.  1 he  dikes 
penetrate  downw'ard  into  the  host  rock  from  an  overlying  lied  of  sandy 
siltstone  usually  two  to  three  inches  thick,  of  the  same  color  and  lithol- 
ogy as  the  dikes  themselves.  These  beds  are  minor  interru|)tions  of  the 
fining-upward  pattern,  and  are  of  limited  lateral  extent.  4 he  dikes  are 
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Exposure  of  Duncannon  Member  of  the  Catskill  Formation  on  the  west  end  of  Buffalo  Mountain 
in  Howe  and  Greenwood  Townships,  Perry  County.  The  Juniata  River  crosses  the  picture  in  the 
foreground;  the  upper  and  lower  readouts  on  the  mountain  are  the  northbound  and  south- 
bound lanes  of  U.S.  Route  22-322.  View  is  eastward,  down  the  axis  of  the  Buffalo-Berry  syncline. 
Length  of  the  exposure  in  this  view  is  about  0.5  mile. 
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connected  to  the  overlying  beds  and  apparently  lonned  Iroin  the  same 
sediment.  Angular  fragments  of  the  host  rock  sometimes  occur  in  the 
upper  parts  of  the  dikes,  and  in  the  associated  overlying  beds  (Figure  47, 
Plate  6). 

I'he  geometric  form  of  these  dikes  is  usually  that  of  a slightly  taper- 
ing subvertical  wedge,  and  the  dike  walls  are  sharp,  d'he  dikes  may  be 
straight,  slightly  irregtdar,  or  have  a zig-zag  cross  section.  Six  ol  these 
dikes  were  measured  in  detail.  They  range  in  height  from  four  to  twelve 
inches,  and  taper  from  a width  of  between  3/8  and  one  inch  at  the  top 
to  1/2  to  1/16  inch  or  less  at  the  base.  The  four  dikes  on  which  a strike 
could  be  determined  trend  from  115°  to  150°,  and  dip  from  50°  sotith- 
west,  through  vertical,  to  67°  northeast.  The  dikes  are  restricted  to  a 
lateral  distance  of  35  feet  at  two  stratigrajthic  levels  three  feet  apart. 

The  uppermost  part  of  the  Duncannon  occurs  on  the  ujrper  scarp 
slope  of  the  ridges  underlain  by  the  Pocono  k’ormation  and  is  thus  usu- 
ally completely  covered  by  scree.  However,  the  roadcut  along  T.S.  Rotite 
11-15  on  the  west  bank  of  the  Sustpiehanna  River  at  Berry  Mountain 
(3/4  mile,  1.2  km,  east  of  the  southeast  corner  of  the  Millerstown  qtiad- 
rangle)  exhibits  more  than  200  feet  (61  m)  of  similar  asymmetric,  upward- 
fining  cycles  in  the  uppermost  part  of  the  Duncannon. 

Outcrop  Area  and  Thickness 

The  Catskill  is  the  thickest  formation  exposed  in  the  Millerstown 
quadrangle,  and  correspondingly  underlies  a greater  land  area  than  any 


Figure  47.  Clastic  dikes  in  the  Duncannon  Member.  Part  C of  a 
cycle  exposed  in  the  middle  of  three  outcrops  on  the 
southbound  lane  of  U.S.  Route  22-322  at  Buffalo  Moun- 
tain. 


120 


MILLERSTOWN  QUADRANGLE 


Other  stratigraphic  unit.  There  are  two  broad  irands  of  Catskill  outcrop 
here,  both  ol  which  occupy  prominent  synclinal  structures.  The  northern 
otitcrop  occupies  the  hinge  of  Quaker  Valley  synclinorium,  extending 
from  near  East  Salem  northeastward  to  the  east  quadrangle  boundary, 
and  consists  of  only  the  Irish  Valley  Member.  The  southern  outcrop  belt 
includes  all  the  members  of  the  Catskill,  and  extends  from  the  south- 
western part  of  the  quadrangle  northeastward  through  Perry  Valley  to 
the  eastern  border.  The  Catskill  Formation  is  also  present  south  of  Berry 
Mountain  in  Bucks  Valley. 

The  Catskill  Formation  is  estimated  to  be  between  6550  and  8600  feet 
(1996  to  2621  m)  thick  in  the  Millerstown  cjuadrangle. 

Dyson  (1963)  published  a partial  measured  section  of  the  Catskill  For- 
mation at  Newport,  Pennsylvania,  which  occupies  part  of  both  the  Mil- 
lerstown and  New  Bloomfield  quadrangles.  This  section  covers  all  of  the 
Catskill  from  the  base  to  about  the  middle  of  the  Duncannon  Member, 
a thickness  of  6072  feet  (1850  m).  New  exposures  above  this  section, 
and  tlie  mapping  of  the  overlying  Pocono  Formation  on  Buffalo  Moun- 
tain, permit  the  estimation  of  the  total  Catskill  thickness  at  this  locality. 
The  interval  from  the  top  of  Dyson’s  Newport  section  to  the  base  of  the 
Pocono  Formation  on  Buffalo  Mountain  is  approximately  620  feet  (188 
m)  and  the  residting  total  thickness  for  the  Catskill  Formation  is  6704 
feet  (2043  m). 

Ayrton’s  (1963)  isopach  map  for  the  Upper  Devonian  shows  a thick- 
ness of  about  8000  feet  (2438  m)  in  the  Millerstown  vicinity.  Allowing 
for  2250  feet  (686  m)  of  Trimmers  Rock  Formation,  the  remaining  5759 
feet  (1755  m)  of  Catskill  shown  by  Ayrton  is  considerably  less  than  the 
field  relations  seem  to  indicate. 

Forma  tion  Bonn  da  ri  es 

The  base  of  the  Catskill  Formation  is  placed  at  the  base  of  the  lowest 
recognizable  asymmetric,  upward-hning  cycle  (“motif”),  the  sedimento- 
logic  jjattern  that  is  so  characteristic  of  the  Catskill.  In  the  Newport  sec- 
tion (Dyson,  1963),  this  horizon  is  12  feet  (4  m)  below  the  base  of  the 
Catskill  Formation  as  dehned  by  Dyson  (1963).  Elsewhere  in  the  Millers- 
town quadrangle,  this  contact  cannot  be  as  closely  located  because  of 
poor  exposures.  However,  the  basal  sandstones  in  the  Catskill  (including 
the  Kings  Mill)  underlie  a prominent  ridge  and  the  contact  is  usually 
located  at  or  near  the  top  of  the  scarp  slope  of  this  ridge. 

Tlie  toj)  of  the  Irish  Valley  Member  is  a mappable  gray  sandstone 
(unit  37,  Newjmrt  section,  Dyson,  1963). 

The  base  ol  the  Duncannon  Member  is  placed  at  the  lowest  mappable, 
nonred  sandstone  above  the  medial  gray  sandstone  of  the  Sherman  Creek 
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Member.  However,  because  the  lowest  Diincannon  sandstone  Ijeds  do  not 
persist  across  the  entire  Cjuadrangle,  tliis  contact  does  not  maintain  a 
constant  stratigraphic  position.  From  the  southwestern  part  ot  the  tpiad- 
rangle  northeastward  into  Perry  Valley,  the  lowest  mappahle  sandstone 
is  approximately  1650  leet  (503  m)  aimve  tlie  medial  gray  sandstone  in 
the  Sherman  Creek  Member.  Sotith  ol  Reward  (Perry  Valley),  three  sepa- 
rate gray  sandstones,  which  mark  the  ijase  ot  asymmetrical  fining-upward 
cycles,  occur  in  the  Sherman  Creek  Member,  do  the  west,  these  units 
become  finer  grained,  thinner,  and  gradually  change  to  a grayish-red 
color  and  become  indistinct.  To  the  east,  these  sandstones  become 
thicker,  coarser  grained,  and  more  prominent,  d’he  arbitrary  shilt  ot  the 
base  of  the  Duncannon  is  based  on  the  presence  of  these  nonred  sand- 
stones. In  the  eastern  part  of  Perry  Valley  the  base  of  the  Duncannon  is 
approximately  375  feet  (111  m)  above  the  Sherman  Creek  medial  gray 
sandstone.  T he  Sherman  Creek  and  Duncannon  Members  intertongue  in 
this  area,  as  shown  by  an  interval  ot  strata  of  Sherman  Creek  facies  over- 
lying  these  discontinuous  lower  Duncannon  sandstones. 

Although  not  exposed  in  the  Millerstown  quadrangle,  the  contact  of 
the  Catskill  Formation  with  the  Spechty  Kopt  Member  of  the  Pocono 
Formation  can  be  seen  at  the  Berry  Mountain  roacfcut  (3/4  mile,  1.2  km, 
east  of  the  quadrangle)  where  it  is  conformable  and  rather  abnqjt.  The 
contact  is  placed  at  the  top  of  the  uppermost  asymmetric,  upward-fining 
cycle  of  gray  sandstone  and  grayish-red  shale.  This  occtns  at  the  southern 
end  of  the  roadcut  bench  along  U.S.  Route  11-15  on  the  west  side  of  the 
Suscpiehanna  River,  where  the  highest  Catskill  cycle  is  approximately  50 
feet  (15  m)  thick. 

All  of  the  contacts  within  the  Catskill  are  ajrparently  conformable. 
Nnmerous  erosion  surfaces  occur  within  the  formation  (at  the  base  of  the 
asymmetric  cycles)  but  these  appear  to  be  of  local  extent.  Regional  stud- 
ies summarized  by  Hoskins  (1963)  indicate  that  the  Catskill  members  are 
not  only  conformable,  but  also  interfinger  to  some  degTce,  so  that  each 
is  mutually  correlative,  in  part,  with  the  underlying  or  overlying  member. 

Age 

The  Catskill  Formation  is  Upper  Devonian  in  age  in  the  Millerstown 
qtiadrangle,  and  correlates  with  the  Cohocton  Stage  of  the  Senecan  Series, 
and  the  Cassadaga  and  Bradford  Stages  of  the  Chautauqua  Series.  These 
correlations  result  largely  from  the  occurrence  of  marine  brachiopods 
and  pelecypods  of  Senecan  age  in  the  Irish  Valley  Member  and  the  iden- 
tification of  both  Llj)])er  Devonian  and  Lower  Mississippian  plant  tossils 
in  the  overlying  Spechty  Kopf  Member  of  the  Pocono  Formation  (Trex- 
ler  and  others,  1962). 
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Sedirnenlation 

The  Catskill  Formation  is  interpreted  to  be  the  product  of  deposition 
in  alternating  marine  and  nonmarine  environments  (in  the  transitional 
interval  of  the  Irish  Valley  Member)  and  in  nonmarine  environments 
(above  the  transitional  beds). 

The  transition  zone  is  marked  by  a cyclic  alternation  of  marine  and 
nonmarine  beds.  According  to  Walker  and  Harms  (1970),  these  motifs 
represent  marine  transgressions  in  which  no  significant  amounts  of  shore- 
line sand  were  deposited.  Sedimentation  proceeded  along  a broad,  muddy 
coastline  where  there  was  a large  amount  of  fine  sediment  being  carried 
in  suspension,  and  shoaling  of  the  waves  occurred  far  offshore. 

Most  of  the  Catskill  Formation  above  the  transitional  beds  in  the  Irish 
Valley  Member  was  formed  on  an  alluvial  floodplain  or  coastal  plain 
which  was  crossed  by  several  rivers.  The  principal  evidence  for  this  inter- 
pretation is  the  occurrence  of  fossil  land  plants  and  coal-bearing  beds, 
the  presence  of  asymmetrical  channels  which  are  comparable  to  modern 
river  channels,  and  the  nature  of  the  fining-upward  cycles. 

The  cyclic  alternation  of  coarse  and  fine  sediments  in  the  Catskill 
Formation  is  comparable  to  the  sedimentation  patterns  in  recent  alluvial 
valleys,  as  described  by  Allen  (1965a).  I’he  presence  of  a scoured  horizon 
at  the  base  of  each  cycle,  followed  by  deposition  of  progressively  finer 
sediment,  is  evidence  of  a regular  decrease  in  available  energy  and  fluid 
velocity.  According  to  Allen  and  Friend  (1968),  the  fining-upward  cycles 
in  the  Catskill  represent  a combination  of  channel  cutting,  channel  fill- 
ing and,  in  the  siltstone  and  claystone  parts  of  the  cycles,  deposition  in 
natural  levees,  floodplains,  and  flood  basins.  The  cycles  are  repeated 
through  the  proce.sses  of  avulsion  (the  cutting  oft  of  meander  necks  by 
streams)  and  lateral  migration  of  tlie  channels  on  the  floodplain,  during 
a period  of  fairly  continuous  subsidence.  An  alternative  explanation  for 
the  repetition  of  these  cycles  is  a periodic  base-level  change  of  tectonic 
origin,  through  differential  uplift  in  the  source  area  and/or  subsidence 
in  the  basin  of  dejiosition,  as  postulated  by  Fletcher  (1967). 

The  floodplain  environment  represented  by  the  sediments  of  the  Cats- 
kill Formation  was  located  on  the  upper  portion  (topset  beds)  of  a large 
delta  (Barrel!,  1913).  Paleocurrent  studies  by  Mclver  (1960),  in  an  analy- 
sis of  900  crossbedding  dip  direction  readings  in  the  Catskill  red  beds, 
calculated  a mean-current  azimuth  of  292°.  The  source  region  apparently 
lay  to  the  east  in  the  vicinity  of  the  present  Atlantic  coastline.  This 
familiar  pattern  of  an  eastern  source  area  and  westward  paleocurrent 
directions  is  somewhat  similar  to  that  which  prevailed  during  the  depo- 
sition of  several  earlier  Paleozoic  formations,  including  the  Juniata, 
Tuscarora,  and  Trimmers  Rock  Formations. 
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The  lowest  prominent  sandstone  in  the  Ciatskill  (e.g.,  the  Kings  Mill 
Sandstone  and  its  correlative  beds)  is  interpreted  as  a delta-front  ileposit. 
I’his  sandstone  interval  marks  the  change  from  deep  water,  {trodelta 
sedimentation,  represented  by  the  Trimmers  Rock  Formation,  to  tlie 
shallow  water  marine  and  nonmarine  sediments  of  the  Catskdl  Forma- 
tion. Glaeser  (1970)  rej^orted  a similar,  although  tliicker,  delta-front  sand- 
stone in  the  same  relative  stratigraphic  position  across  northeastern  Penn- 
sylvania. 

The  red  color  of  the  Catskill  (concentrated  primarily  in  the  silt-  and 
clay-size  sediment)  is  due  to  the  presence  of  finely  divided  hematite, 
which  resulted  from  oxidation  of  limonitic  sediment.  Studies  of  the  clay 
minerals  by  Friend  (1966)  and  Van  Flouten  (1968),  and  of  the  petrog- 
raphy (Meyer,  1963)  indicate  that  the  red  and  nonred  sediments  at  any 
given  Catskill  locality  have  identical  source  materials.  I he  red  beds  are 
also  thought  to  have  climatic  signihcance,  and  a comjiarison  with  modern 
nonmarine  red  sediments  suggests  deposition  under  humid  tropical  con- 
ditions (T.  R.  Walker,  1967,  1974).  Dunbar  and  Rodgers  (1957)  noted 
that  there  is  usually  very  little  diflerence  in  the  percentage  of  iron  in  the 
red  shales  and  gray  sandstones,  but  that  the  iron  is  lerrous  in  the  sand- 
stones. This  implies  that  oxidizing  conditions  prevailed  in  the  finer  sedi- 
ments either  during  de]30sition  or  after  burial. 

The  differentiation  of  hue  and  coarse  sediments  into  red  and  nonred 
strata  is  apparently  the  result  of  both  jnimary  and  diagenetic  conditions. 
The  absence  of  red  color  in  the  coarser  fraction  may  reflect  reducing 
conditions  in  the  local  depositional  en\ironment  of  the  sandstones, 
caused  by  the  presence  of  organic  material  carried  in  the  main  stream 
channels.  The  finer,  red  sediments  are  interpreted  as  mainly  overbank 
alluvial  deposits,  which  accumulated  on  the  floodplain  where  oxidizing 
conditions  permitted  the  red  color  to  develop.  I'lie  observed  direct  corre- 
lation between  grain  size,  color,  and  jtermeability  suggests  that  the  cir- 
culation of  slightly  acidic  ground  water  in  the  sandstones  permitted  re- 
ducing conditions  to  be  established,  so  that  any  red  color  which  had 
formed  was  removed.  The  secondary  alteration  of  some  of  the  shales  and 
claystones  from  red  to  nonred  color  is  indicated  by  irregular  areas  of 
greenish-gray  discoloration  at  the  very  top  of  many  ol  the  cycles,  d'his 
distribution  suggests  that  these  ujjpermost  layers  were  affected  by  the 
reducing  conditions  in  ground  water  circulating  through  the  overlying 
sandstones. 

The  presence  of  carbonate  fragments  and  nodides  in  alluvial  sequences 
has  been  reported  from  the  Lower  Old  Red  Sandstone  of  England  by 
Allen  (1965b)  and  in  the  Devonian  of  Spitsbergen  by  Friend  and  Moody- 
Stuart  (1970).  The  carbonates  in  the  Catskill  probably  originated  as  fresh- 
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water  limestones  or  caliche  deposits.  Some  of  the  limestone  concretions 
and  nodtdes  in  the  Dtmcannon  Member  apparently  formed  throngh  direct 
precipitation,  perhaps  on  nuclei  of  detrital  carbonate  grains,  similar  to 
those  described  by  Bathurst  (1958). 

4'he  clastic  dikes  observed  in  the  Dtmcannon  Member  are  interpreted 
as  part  of  the  overbank  alluvial  material  which  was  deposited  in  small 
fisstires  in  floodplain  or  flood-basin  deposits.  These  fissures  or  crevasses 
probably  originated  through  hillside  creep  or  slumping  of  semiconsoli- 
dated  mud  toward  local  depressions  or  undercut  banks.  The  sediment 
comprising  the  dikes  and  the  overlying  associated  siltstone  lenses  may  be 
part  of  a crevasse-splay  deposit  which  spread  out  over  the  floodplain 
through  ijreaks  in  natural  levees.  Such  an  origin  is  suggested  by  the 
coarser  giain  size  of  the  sediment,  the  lobate  cross  section  of  the  over- 
lying  siltstone  beds,  and  the  occurrence  of  the  siltstones  beyond  the  edges 
of  channels.  The  small  number  of  dikes  present  here  is  a reflection  of  the 
fact  that  their  formation  first  required  the  opening  up  of  cracks  or  small 
crevasses  into  which  the  sediment  could  settle.  These  openings  developed 
only  when  a certain  fortuitous  combination  of  conditions  of  sediment 
character  and  downslope  movement  occtirred,  which  was  probably  a rare 
event. 

I'he  Ciatskill  Formation  represents  the  initiation  of  a second  phase  of 
molasse  sedimentation  in  the  Appalachian  geosyncline.  The  Catskill  and 
the  overlying  Pocono  Formations  together  form  what  has  been  called  the 
Late  Paleozoic  Molasse  (Potter  and  Pettijohn,  1963).  In  gross  aspects,  the 
(iatskill  and  Pocono  repeat  an  earlier  phase  of  sedimentation,  the  Mid- 
paleozoic or  l aconic  Molasse,  which  is  represented  by  the  Ordovician 
ftiniata  and  Silurian  I’uscarora  F'ormations.  In  both  instances,  the  sedi- 
ments form  an  asymmetrical  wedge  which  is  elongate  parallel  to  tectonic 
strike,  paleocurrent  directions  are  towards  the  northwest,  graywacke  and 
stdtgraywacke  sandstones  and  red  silts  and  claystones  are  dominant  in  the 
initial  periods  of  sedimentation,  the  .section  becomes  thinner  and  even- 
tually grades  into  marine  sediments  down  the  paleoslope,  and  subsidence 
was  fairly  rapid  near  the  eastern  margin  of  the  basin. 


DEVONIAN  AND  MISSISSIPPIAN  SYSTEMS,  UNDIVIDED 

The  Mississippian  rocks  (the  youngest  rocks  present  in  this  quad- 
rangle) incltide  the  gray  sandstone  and  conglomerate  of  the  Pocono  For- 
mation, and  the  predominantly  red  shale,  siltstone,  and  sandstone  in  the 
Mauch  Chtmk  F'ormation.  I’he  lower  member  of  the  Pocono  Formation, 
the  Spechty  Kopf,  is  thought  to  be  both  Mississi]rpian  and  Devonian  in 
age.  Approximately  3600  feet  (1100  m)  of  Mississippian  rocks  is  exposed 
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in  this  quadrangle,  but  this  includes  only  a portion  ol  the  entire 
sequence  ol  Mississippian  strata  that  occur  in  the  \hilley  and  Ridge 
province. 

Pocono  Formation 

Name  and  Extent 

The  name  Pocono,  proposed  liy  Platt  and  Platt  (1877),  was  applied  to 
the  white  and  gray  sandstones  and  conglomerates  overlying  the  Ciatskill 
Formation,  replacing  the  name  Vespertine,  No.  X (Rogers,  1858).  No 
type  section  was  presented,  although  the  exposures  along  the  Lehigh 
River  were  apparently  considered  most  typical  of  tmit  No.  X and  have 
been  recommended  as  the  type  section  by  Sevon  (1969a). 

In  central  Pennsylvania,  the  Pocono  w’as  divided  into  two  members, 
the  Beckville  and  Mount  Carbon  Members.  An  underlying  third  unit, 
the  Spechty  Kopt,  was  considered  to  be  a member  ol  the  Catskill  Forma- 
tion (I'rexler  and  others,  1962).  However,  Dyson  (1967)  lelt  that  the 
Spechty  Kopl  possessed  a greater  similarity  to  the  overlying  units  than 
to  the  Catskill  and  reassigned  the  Spechty  Kopf  to  the  Pocono.  d’he 
authors  concur  with  Dyson  and  have  adopted  this  ihree-lold  division  ol 
the  Pocono  Formation  for  the  Millerstown  quadrangle. 

The  Pocono  Formation  persists  as  a mappable  rock  unit  from  north- 
eastern Pennsylvania  w’estward  into  Ohio  and  southwest  as  far  as  w'estern 
Virginia.  The  individual  members  mapped  in  the  tpiadrangle  have  not 
been  traced  beyond  central  Pennsylvania. 

Character 

The  Pocono  Formation  is  a coarse  clastic  unit  consisting  primarily  ol 
medium-grained  sandstones  with  interbedded  conglomeratic  sandstone, 
conglomerate,  and  thin  shale  and  siltstone  beds.  The  sandstones  (and  the 
matrix  of  the  conglomeratic  sandstones)  are  generally  gray,  gray  brown, 
or  buff,  medium  to  very  thick  bedded  and  crossbedded;  the  sand  grains 
are  very  fine  to  very  coarse,  and  subangular.  d’he  sandstones  are  poorly 
sorted,  siliceous,  and  micaceous,  slightly  porous,  locally  argillaceous,  and 
hematitic  or  pyritic.  The  conglomerates  occur  as  lenses  or  beds  contain- 
ing subangular  white  tpiartz  pebbles  (.25  to  .75  inch,  0.6  to  1.9  cm  in 
diameter)  and  some  chert,  rock  fragments,  and  shale  pebbles.  Occasional 
thin,  reddish-gray  and  dark-gray  carbonaceous  silty  shale  beds  occur  in 
the  Spechty  Kopt  Member.  I'hree  thin  (1  inch,  2.5  cm  thick)  coal  seams 
are  reported  in  the  Pocono  Formation  (Beckville  Member)  on  Berry 
Mountain  by  Claypole  (1885,  p.  154).  Although  a drift  was  run  into  at 
the  end  of  the  mountain  at  the  Susquehanna  River,  no  commercial 
quantity  of  coal  w'as  found. 
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The  Beckville  and  Mount  Carbon  Members  are  very  similar.  Both  are 
conglomeratic  at  the  base  and  fine  upward  to  medium-grained  sand- 
stones. The  Spechty  Kopf  has  a prominent  conglomerate  interval  near 
the  middle  and  a less  well  developed  conglomerate  at  or  near  the  base. 
The  lowest  part  of  the  Spechty  Kopf  consists  of  interbedded  sandstone 
and  dark-gray  argillaceous  siltstone,  a pattern  grossly  similar  to  the 
upward-fining  cycles  of  the  underlying  Duncannon  Member  of  the  Cats- 
kill.  This  pattern  is  not  evident  in  the  rest  of  the  Pocono. 

Outcrop  Area  and  Thickness 

The  Pocono  Formation  is  a prominent  ridge-forming  unit  which  occu- 
pies the  crests  of  Bulfalo  and  Berry  Mountains  in  the  southeast  quarter 
of  the  quadrangle.  Outcrops  of  the  Pocono  are  few  in  the  mapped  area, 
but  excellent  exposures  can  be  seen  along  both  sides  of  the  Susquehanna, 
where  the  river  has  worn  gaps  in  both  of  these  mountains  (Millersburg 
quadrangle,  Figure  48). 

The  Pocono  Formation  is  approximately  1600  feet  (488  m)  thick  in 
the  Millerstown  quadrangle.  Measurements  of  the  Pocono  and  its  mem- 
bers in  this  and  adjacent  quadrangles  are  tabulated  in  Table  21. 

An  isopach  map  of  the  Pocono  Formation  (Pelletier,  1958)  shows  a 
general  westward  and  northward  thinning  from  1800  feet  (549  m)  near 
Harrisburg  to  less  than  200  feet  (61  m)  in  western  New  York  and  Ohio. 

Formation  Boundaries 

Neither  the  upper  nor  lower  contact  of  the  Pocono  Formation  is  ex- 
posed in  the  Millerstown  quadrangle.  At  the  Susquehanna  River  (Berry 


Figure  48.  Pocono  Formation  exposed  on  the  east  end  of  Berry 
Mountain  at  the  Susquehanna  River.  A nearly  com- 
plete exposure  of  the  Pocono  can  be  seen  on  the 
terraces  above  the  highway  (U.S.  Route  11-15)  and  on 
the  mountain  slopes.  Width  of  view  approximately 
three-fourths  mile. 


Table  21.  Thickness  Values  for  the  Pocono  Formation  in  the  Vicinity  of  the  Millerstown  Quadrangle 
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Mountain),  the  basal  contact  of  the  Spechty  Kopf  Member  is  sharp  and 
conformable,  and  is  placed  at  the  top  of  the  uppermost  upward-fining 
cycle  of  the  Duncannon  Member  of  the  Catskill  Formation. 

Age 

The  Pocono  Formation  is  both  Upper  Devonian  and  Lower  Mississip- 
pian  in  age;  the  systemic  boundary  occurs  in  the  Spechty  Kopf  Member 
(Read,  1955;  Trexler  and  others,  1961). 

Sedimentation 

Regional  seclimentological  studies  by  Leonard  (1953),  Read  (1955), 
Pelletier  (1958),  Wood  and  others  (1969),  and  Sevon  (1969b)  indicate  that 
the  Pocono  Formation  was  deposited  principally  in  nonmarine  environ- 
ments such  as  stream  and  river  valleys,  floodplains,  swamps,  and  lakes. 
The  conglomerate  lenses  and  beds,  crossbedded  sandstones,  occasional 
grayish-red  silty  shales,  and  absence  of  marine  fossils  suggest  that  the 
Pocono  is  predominantly  a fluvial  deposit.  The  marginal  marine  and 
deltaic  conditions  which  coexisted  to  the  northeast  (Sevon,  1969a)  appar- 
ently did  not  extend  to  this  area.  The  occurrence  of  carbonaceous  shale 
beds  and  thin  coal  seams  suggests  that  paludal  conditions  were  locally 
present. 

T he  petrography,  pebble  size  distribution,  and  current  indicators  sug- 
gest that  the  Pocono  formed  on  a coastal  plain  bounded  on  the  southeast 
by  a fall  line  (which  roughly  coincides  with  the  present  Pennsylvania- 
New  Jersey  border)  and  on  the  northwest  (in  west-central  Pennsylvania) 
by  a marine  shoreline  (Pelletier,  1958).  Pelletier’s  measured  crossbedding 
dip  directions  (from  227  outcrops)  indicate  a mean  current  direction  to 
the  west-northwest,  at  290°  azimuth. 

The  Pocono  Formation  constitutes  part  of  the  Late  Paleozoic  molasse, 
a great  wedge  of  predominantly  nonmarine  clastic  sediments  which 
accumulated  in  response  to  an  uplift  to  the  southeast. 

MISSISSIPPIAN  SYSTEM 

Mauch  Chunk  Formation 

Name  and  Extent 

The  thick  sequence  of  predominantly  red  clastic  sedimentary  rocks 
wliich  overlies  the  Pocono  Formation  in  central  Pennsylvania,  originally 
termed  the  Umbral  Series,  Formation  XI  by  Rogers  (1859),  was  named 
the  Mauch  Chunk  by  Lesley  (1876).  The  Mauch  Chunk  has  been  sub- 
divided into  three  informal  members  elsewhere  in  central  Pennsylvania 
(Hoskins,  1963;  Wood  and  others,  1969),  based  primarily  on  the  presence 
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of  nonred  sandstones  and  conglomerate  beds  in  the  upper  and  lower 
members.  Although  two  majtpable  nonred  sandstones  occur  low  in  the 
Mauch  Chunk  in  the  Millerstown  quadrangle,  they  are  of  limited  areal 
extent  and  thus  the  Mauch  Chunk  is  not  subdivided  here.  Only  the 
lower  half  to  one  third  of  the  Mauch  Chunk  is  present  here:  these  are 
the  youngest  beds  present  in  the  qtiadrangle. 

The  Mauch  Chunk  Formation  is  recognized  from  northeastern  Penn- 
sylvania to  western  Maryland,  West  Virginia,  and  eastern  Ohio. 

Character 

The  Mauch  Chunk  is  predominantly  an  interbedded  setjuence  of 
grayish-red  sihstones  and  silty  shales,  with  two  nonred  sandstones  and 
conglomeratic  sandstones  in  the  lower  portion.  The  sihstones,  which  are 
locally  olive  gray,  are  argillaceous  and  thin  to  medium  bedded,  and  con- 
stitute approximately  one-third  of  the  exposed  section.  The  shales  are 
thin  to  massive  bedded  and  comprise  one-half  to  two-thirds  of  the  sec- 
tion. The  sandstones  are  mainly  grayish  brown,  medium  to  coarse 
grained,  thin  to  thick  bedded,  crossbedded  and  locally  conglomeratic. 
The  conglomerate  fraction  consists  of  predominantly  light  gray  to  white 
quartz  and  (juartzite  pebbles,  with  occasional  siltstone  and  shale  frag- 
ments. The  pebbles  are  angular  to  subrounded  and  generally  range  in 
size  from  1/4  to  1 inch  (.6  to  2.5  cm),  but  are  occasionally  up  to  1 inches 
(10  cm)  w'ide. 

Trough-type  crossbedding  is  commonly  present  in  the  sandstones  and 
conglomerates,  and  scattered  measurements  suggest  a north  to  northwest 
paleocurrent  direction.  Groove  casts  are  rare  and  have  an  average  trend 
of  305°  azimuth. 

Outcrop  Area  and  Thickness 

1 he  Mauch  Chunk  Formation  occurs  only  between  Buffalo  and  Berry 
Mountains  in  the  southeastern  part  of  the  Millerstown  quadrangle,  in 
the  hinge  of  the  Buffalo-Berry  synclinorium. 

The  thickness  of  the  Mauch  Chunk  exposed  in  the  quadrangle  is  esti- 
mated at  2000  feet  (610  m),  constituting  perhajrs  the  lower  third  to  lorver 
half  of  the  entire  formation.  Estimates  of  its  total  thickness  in  central 
Pennsylvania  range  widely,  from  2400  to  7000  feet  (732  to  2134  m;  Hos- 
kins, 1963)  to  3000  to  7500  feet  (914  to  2286  m;  Wood  and  others,  1969). 
1 he  nearest  Mauch  Chunk  measured  section  is  at  WTst  Branch  Cap  in 
Second  Mountain  (Pottsville  quadrangle,  Schuylkill  County),  some  42 
miles  (68  km)  east  of  the  Millerstown  quadrangle.  At  that  locality  the 
Mauch  Chunk  is  3716  feet  (1133  m)  thick  (Wood  and  others,  1969). 
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Fortnation  Boimdaries 

I’he  contact  ot  the  Mauch  Chunk  Formation  with  the  underlying 
Pocono  Formation  is  not  exposed  in  the  Millerstown  quadrangle;  in  the 
Millersburg  cjtiadrangle  to  the  east,  it  is  coniormaljle  and  gradational 
witliin  a few  feet. 

Age 

The  Mauch  Chunk  Formation  is  Late  Mississippian  in  age  (Chesterian 
Series)  according  to  Weller  (1948).  Arndt  and  others  (1959)  and  Wood 
and  others  (1969)  concluded  that  the  Mississippian/ Pennsylvanian  sys- 
temic boundary  lies  in  the  upper  part  of  the  Mauch  Chunk  Formation  in 
the  southern  and  western  anthracite  basins.  However,  that  portion  of 
the  Mauch  Chunk  which  is  preserved  in  the  Millerstown  quadrangle  is 
evidently  below  this  horizon. 

Sedimentation 

The  dominant  red  color,  the  rather  fine  grain  size  of  the  clastic  sedi- 
ments, the  presence  of  plant  fossils,  and  the  absence  of  marine  fossils 
stiggest  that  the  Mauch  Chunk  was  deposited  on  a broad  floodplain  or 
coastal  plain.  The  limited  areal  extent  of  the  coarser  sediments  (the  sand- 
stones and  conglomeratic  sandstones)  suggests  that  these  may  have  been 
deposited  in  either  river  channels  or  distributary  channels  on  the  flood- 
plain  or  as  alluvial  fans.  This  origin  for  the  Mauch  Chunk  was  first  pro- 
posed by  Barrel!  (1907)  and  has  been  concurred  with  by  Hoque  (1968) 
and  Wood  and  others  (1969). 

Hoque  (1968)  suggested  that  the  Mauch  Chunk  in  south-central  and 
western  Pennsylvania  was  formed  in  an  elongate  molasse  basin  in  which 
terrigenous  sediments  thin  seaward  (toward  the  west)  and  thicken  toward 
the  source  region  (eastward).  I'his  model  is  striking  for  its  similarity  to 
that  inferred  for  the  Juniata,  Tuscarora,  Catskill,  Pocono,  and  Pottsville 
Formations,  indicating  that  similar  relationships  of  source  and  deposi- 
tional  areas,  dispersal  systems,  paleogeography,  and  basin  tectonics  re- 
ctirred  several  times  in  the  central  Appalachians  during  the  Paleozoic  era. 


STRUCTURAL  GEOLOGY 

INTRODUCTION 

The  dominant  structures  in  the  Millerstown  quadrangle  are  folds.  The 
two  major  anticlines  and  two  major  synclines  which  cross  the  quadrangle 
are  portions  of  first-order  (Nickelsen,  1963)  anticlinoria  and  synclinoria 
which  extend  the  length  of  the  Valley  and  Ridge  province  from  south- 
central  to  northeastern  Pennsylvania  (Figure  49).  Numerous  smaller  folds 
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Figure  49.  Generalized  tectonic  map  of  the  Valley  and  Ridge 
province  in  central  Pennsylvania. 


(second-order)  occur  within  the  limbs  and  hinges  of  the  major  folds,  im- 
parting considerable  complexity  to  the  major,  first-order  folds.  Even 
smaller  (third-  and  fourth-order)  folds  occur  throughout  the  quadrangle, 
a number  of  which  can  be  observed  in  single  outcrops. 

Kink  bands,  parallel-sided  zones  of  rotated  beds  newly  recognized  in 
the  Valley  and  Ridge  province  (Faill,  1969),  occur  in  a wide  range  of 
sizes  and  are  the  basic  structural  element  which  explains  the  geometries 
of  the  folds. 
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Faults  constitute  a subordinate  part  of  the  structure,  and  for  the  most 
part  are  reverse  wedge  faults.  They  are  intimately  related  to  the  folds, 
representing  local  disruptions  that  occurred  during  the  folding  process. 

(deavage  is  only  poorly  developed  in  some  of  the  shales  and  shaly 
limestones  and  is  generally  not  a significant  feature  in  the  rock  exposures. 


STRUCTURES  OBSERVED  IN  OUTCROP 

Folds 

The  folds  within  this  quadrangle  are  flexural-slip  folds.  The  beds  do 
not  change  thickness  appreciably  across  the  folds,  indicating  that  very 
little  deformation  has  occurred  within  the  individual  beds.  The  common 
occurrence  of  slickensides  on  the  bedding  surfaces  indicates  that  the 
principal  deformational  mechanism  was  slip  on  the  bedding  surfaces 
between  the  beds. 

Simple  Folds 

.'Xl though  the  folds  are  flexural-slip  folds,  they  are  not  concentric 
(parallel)  folds  in  which  the  beds  are  uniformly  bent  throughout  the 
fold.  Rather,  they  possess  a distinctive  cross-sectional  geometry  that  ap- 
pears to  be  characteristic  of  most  folds  throughout  the  Valley  and  Ridge 
jnovince.  Within  each  fold  limb,  the  bed  attitude  is  constant  and  the 
Ijeds  are  not  bent  (Figure  50)— only  in  the  hinge  are  the  beds  bent,  and 
the  width  of  this  hinge  is  narrow’  with  respect  to  the  dimensions  of  the 
fold  (Figure  51).  This  geometry,  which  occurs  in  the  smallest  to  the 
largest  of  the  folds,  can  be  inferred  by  the  constant  bed  attitude  from  one 
outcrop  to  the  next  within  single  fold  limbs,  and  by  the  relatively  abrupt 
changes  in  orientation  within  .short  distances  across  the  fold  hinges  (Fig- 
ure 52). 

For  example,  the  southern  limb  of  the  Tuscarora  anticlinorium  (be- 
tw'een  the  Tuscarora  and  Buffalo-Berry  hinges)  is  relatively  simple  and 
well  exposed  along  the  Juniata  River,  with  only  one  fault-fold  structure 
(at  Wildcat  Ridge)  interrupting  the  homoclinal  aspect  of  the  bedding 
(see  Plates  1 and  2).  The  hinge  of  the  Tuscarora  anticlinorium  appears 
to  lie  concentric  (Figure  53).  However,  the  wavelength  of  this  fold  is 
approximately  9 miles  (14.5  km),  whereas  the  radius  of  curvature  in  the 
liinge  is  only  0.8  mile  (1.3  km).  (In  concentric  folds,  the  radius  of  curva- 
ture must  be  at  least  one-half  of  the  wavelength.)  Similarly,  the  radius 
of  curvature  of  the  hinge  of  the  Buffalo-Berry  synclinorium  is  only  0.6 
mile  (1  km).  Thus  the  hinges  of  both  of  these  folds  are  narrow  with  re- 
spect to  the  w'avelengths.  With  stich  small  radii  of  curvature,  and  large 
structural  relief,  it  is  evident  that  a concentric-fold  model  cannot  apply 
to  these  large  folds. 
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Figure  50.  Small  open  fold  exhibiting  the  planar  bedding  in  the 
fold  limbs  and  the  narrow  hinge  that  is  characteristic 
of  most  Valley  and  Ridge  folds.  Mahantango  Forma- 
tion (Montebello  Member),  in  roadcut  on  south  side  of 
Cocolamus  Creek  in  Juniata  County,  1 mile  north- 
northwest  of  Wardville,  Perry  County. 

Another  teature  of  concentric  folds  is  the  progressive  increase  in  bed- 
ding clip  away  from  the  hinges  to  a maximum  in  the  middle  of  the  fold 
limb.  Within  one-half  mile  south  from  the  d'uscarora  hinge,  the  bedding 
dip  increases  to  55  degrees  (Plate  1).  For  the  next  3.5  miles  (5.6  km)  to 
the  southeast,  the  Ijedding  dip  remains  moderately  steej)  between  30  and 
55  degrees  (with  some  local  exceptions  which  reflect  minor  folds  or  kink 
bands  within  the  major  limb).  The  progressive  decrease  in  dip  occurs 
only  within  0.5  mile  (0.8  km)  ol  the  Butlalo-Berry  hinge,  d’hus  the  major 
fold  reflects  the  other  principal  feature  observed  in  smaller  folds— a 
relatively  constant  bed  orientation  within  the  fold  limb. 

The  “tightness”  of  the  folds  varies,  ranging  from  open  folds  (interlimb 
angle  of  125  to  175  degiees,  e.g.,  Figure  50)  to  tight  (interlimb  angle 
from  45  to  125  degrees,  as  in  Figure  51).  Brecciation  ol  beds  at  the  hinge 
is  absent,  even  in  cjuartzite  beds.  However,  small-scale  faulting  ol  one  or 
two  beds  in  a hinge  is  not  uncommon. 

Fold  axes  measured  at  outcrojjs  plunge  gently,  botli  to  the  northeast 
and  southwest  (Figure  55),  having  a mean  statistical  plunge  ol  3 degrees 
to  N70E.  Most  of  the  larger  folds  in  the  cjuadrangle,  as  well  as  the  major 
anticlinoria  and  synclinoria,  also  plunge  gently  to  the  northeast. 

Data  on  the  orientation  of  axial  surfaces  are  sparse,  because  exposuies 
are  not  large  enough,  relative  to  the  width  of  the  fold  hinges,  for  good 
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Figure  52.  Anticline  typical  of  Valley  and  Ridge  folds,  possessing  planar  bedding  in  the  limbs  and  a 
narrow  hinge.  Wills  Creek  Formation,  in  Penn  Central  Railroad  cut  on  west  side  of  the  Juniata 
River,  0.75  mile  south  of  Mifflin,  Juniata  County. 
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Figure  53.  Hinge  of  the  Tuscarora  anticlinorium.  The  rather  uni- 
form curvature  of  beds  within  this  exposure  suggests  a 
concentric  fold,  but  the  radius  of  curvature  is  much  less 
than  the  fold  wavelength,  indicating  that  the  hinge  is 
narrowwith  respecttothe  entire  fold.  Tuscarora  Forma- 
tion, U.S.  Route  22-322  on  the  east  side  of  the  Juniata 
River,  1 mile  north  of  Millerstown,  Perry  County. 


Figure  54.  Tight  folds  in  the  Trimmers  Rock  Formation  (interlimb 
angle  less  than  125  degrees).  Roadcut  on  U.S.  Route 
22-322  (southbound  lane),  2.5  miles  north  of  Amity  Hall, 
Perry  County. 
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Figure  55.  Fold  axes  and  slickensides  on  bedding  surfaces  meas- 
ured in  the  Millerstown  quadrangle.  (This  stereo- 
graphic projection  is  an  equal-area  projection,  as  are 
ail  the  others  in  this  report.) 


measurements.  The  axial  surfaces  tend  to  be  subvertical,  dipping  either 
northwest  or  southwest  at  70  degrees  or  more.  Without  better  data  on  the 
orientation  of  the  axial  surfaces,  it  is  not  possible  to  ascertain  whether 
the  folds  are  inclined  predominantly  to  the  northwest  or  to  the  south- 
east. There  are  a few  small  folds  within  the  limbs  of  larger  folds  w'hich 
are  less  steeply  inclined  (Figure  50). 

Conjugate  Folds 

Conjugate  folds  are  folds  with  two  axial  surfaces  inclined  toward  each 
other  (Figure  56).  These  folds  possess  many  of  the  attributes  of  simpler 
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Figure  56.  Conjugate  fold  in  the  Wills  Creek  Formation  on  west 
bank  of  the  Juniata  River  at  Charlies  Hill,  5.5  miles 
northwest  of  Huntingdon,  Huntingdon  County. 


folds  with  single  axial  surfaces.  Bedding  in  the  limbs  is  planar,  and  the 
hinges  are  narrow  with  respect  to  the  fold  wavelength.  The  tightness  of 
conjugate  folds  is  comparable  to  that  of  the  simple  folds.  The  fold  axes 
plunge  gently  to  the  northeast  or  southwest,  and  the  folds  are  not  greatly 
inclined.  The  significant  difference  is  that  conjugate  folds  have  two  sets 
of  hinge  lines  rather  than  one;  thus,  instead  of  possessing  only  two  limbs, 
an  additional  central,  relatively  unrotated  interlimb  exists  between  the 
two  axial  surfaces. 

The  simple  fold  and  the  conjugate  fold  are  actually  two  different  parts 
of  the  same  fold  structure  (Figure  57),  although  not  every  simple  fold 
has  a conjugate  fold  above  it.  Conjugate  folds  occur  where  the  single 
axial  surface  of  a simple  fold  bifurcates  (upward  for  anticlines,  down- 
ward for  synclines)  into  two  axial  surfaces. 

Kink  Bands 

A kink  band  is  a parallel-sided  zone  of  rotated  beds  (Figures  58  and 
59).  Kink  bands  are  rather  common  in  the  rocks  in  the  Millerstown 
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bifurcated  axial  surface 


Figure  57.  Idealized  relation  between  simple  (stippled)  and 
conjugate  (unstippled)  anticlinal  folds. 

I 

I quadrangle  and,  as  observed  in  outcrops,  range  from  1 inch  to  50  feet 
I (2.5  cm  to  15+  m)  wide.  Larger  kink  bands  can  be  observed  in  excep- 
|i  tionally  large  exposures,  and  they  can  be  mapped.  Bedding  usually  pos- 
; sesses  the  same  orientation  on  each  side  of  the  kink  band,  although 
occasionally  the  bed  orientation  is  different. 

Apparently  kink  bands  do  not  occur  |jreferentially  within  beds  of  par- 
ticular orientation,  for  they  have  been  observed  in  horizontal  and  ver- 
tical beds,  as  well  as  in  moderately  dipping  beds.  Characteristically,  the 
kink  planes  arc  at  moderate  to  large  angles  to  the  bedding  outside  the 
kink  band  (the  enclosing  bedding  attitude).  Of  those  measured,  the  angle 
ranges  from^-fO  to  90  degrees,  averaging  62  degrees. 

The  orientations  of  the  kink  planes  range  from  horizontal  to  vertical. 
.Although  the  kink  planes  tlip  in  different  directions,  the  jjolcs  to  the 
kink  planes  that  have  been  measured  fall  on  a great  circle,  and  the  pole 
of  this  great  circle  plunges  5 degrees  to  N65E  (Figure  60),  close  to  the 
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Figure  58.  Moderately  north  dipping,  1.5-foot-wide  kink  band. 

Rose  Hill  Formation,  in  roadcut  on  Pa.  Route  103,  1.7 
miles  southwest  of  Lewistown,  Mifflin  County. 


mean  fold-axis  orientation.  The  kink  axes  also  plunge  gently  to  the 
northeast  (and  occasionally  to  the  southwest)  (Figure  60). 

Kink-Band  Folding 

The  similarity  of  cross-section  profile  and  three-dimensional  geometry 
between  the  folds  and  the  kink  bands  has  engendered  the  concept  of 
kink-band  folding— the  development  of  a fold  geometry  from  a suitable 
array  of  kink  bands  (Faill,  1969  and  1973).  Both  kink  bands  and  folds 
possess  planar  elements  separated  by  narrow  zones  within  which  bed- 
ding is  sharply  bent.  There  is  also  a geometrical  congruence  between  the 
two  types  of  structures  with  respect  to  fold  axes,  kink  axes,  and  planar 
features  (fold  axial  surfaces  and  kink  planes)  (Figures  55  and  60). 

The  concept  of  kink-band  folding  is  that  the  basic  structural  element 
is  the  kink  band,  and  every  fold  can  be  generated  by  a combination  of 
two  kink  bands.  The  two  kink  Ixands  must  be  inclined  toward  each 
other,  must  have  opposite  senses  of  bed  rotation,  and  must  join  or  inter- 
sect each  other  (Figure  61).  Where  the  kink  Itands  join,  a fold  results 
with  the  profile  characteristic  of  Valley  and  Ridge  folds.  The  surface  of 
junction  betw'een  the  two  kink  bands  is  the  axial  surface  of  the  fold.  A 
conjugate  fold  geometry  occurs  in  that  part  of  the  structure  where  the 
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Figure  59.  A.  Ideal  kink  band,  consisting  of  a zone  bounded  by 
kink  planes,  transecting  bedding,  within  which  the 
bedding  has  been  rotated  about  the  kink  axis. 

B.  Essentially  identical  to  A,  exceptthatthe  bedding  is 
not  as  sharply  flexed. 
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Within  kink  bands,  measured  in  the  Millerstown  quad- 
rangle. 


kink  bands  are  separated  by  relatively  nonrotated  beds,  a zone  called  the 
interlitub.  Thus  the  simple  and  conjugate  folds  are  but  two  different 
parts  of  the  same  kink-band  structure. 

Where  the  two  kink  bands  are  of  equal  width,  of  equal  inclination  to  the 
enclosing  bedding  attitude,  and  have  equal  (and  opposite)  amounts  of  bed 
rotation,  the  residtant  fold  is  upright  (the  axial  surface  is  perpendicular  to 
the  enclosing  bed  attitude)  and  symmetric  (each  limb  is  the  mirror  image 
of  the  other  limb)  (Figure  62A).  Variations  of  width,  inclination,  and 
amount  of  bed  rotation  between  the  two  kink  bands  result  in  folds  that 
are  asymmetric  (the  limbs  are  not  mirror  images  of  each  other,  as  in 
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- kink  bands 


kink  junction  surface 
( axial  surface ] 


Figure  61.  Ideal  geometry  of  a kink-band  fold.  Where  two  kink 
bands  join  or  intersect,  a fold  develops  which  pos- 
sesses all  the  geometrical  features  typical  of  Valley 
and  Ridge  folds.  The  surface  of  junction  between  the 
two  kink  bands  is  the  axial  surface  of  the  fold;  the 
intersection  of  the  kink  planes  is  the  fold  axis,  which 
parallels  the  two  kink  axes  in  cylindrical  folds. 


Figure  62B)  or  inclined  and  asymmetric  (the  axial  surface  is  not  normal 
to  the  enclosing  bedding,  as  in  Figure  62C).  Inclination  of  the  told  axial 
surface  (i.e.,  a nonvertical  axial  surface)  does  not  necessarily  imply  that 
the  fold  is  asymmetric.  Symmetry  of  a fold  is  defined  only  by  tlie  internal 
geometry  and  has  nothing  to  do  with  its  orientation.  For  example,  in 
Figure  62D,  the  fold  is  recumbent  (because  the  axial  surface  is  hori- 
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Figure  62.  Varying  fold  geometry  as  a result  of  varying  kink-band 

geometry. 

A.  The  two  kink  bands  are  of  equal  width,  at  the  same 
angle  to  the  enclosing  bedding,  and  possess  the 
same  amount  of  bed  rotation  within  them.  The 
resulting  fold  is  symmetric  with  the  axial  surface 
normal  to  the  enclosing  bedding  (the  fold  is  up- 
right). 

B.  The  kink  band  on  the  left  is  wider,  at  a smaller 
angle  to  the  enclosing  bedding,  and  possesses  less 
rotation  of  bedding  within  it  as  compared  to  the 
one  on  the  right.  Although  the  fold  is  asymmetric, 
the  axial  surface  Is  normal  to  the  enclosing  bed- 
ding (the  fold  is  upright). 

C.  Similar  to  B,  except  that  the  axial  surface  is  oblique 
to  the  enclosing  bedding.  The  fold  is  both  asym- 
metric and  inclined. 

D.  Identical  to  A with  respect  to  internal  geometry. 
However,  because  the  enclosing  bedding  is  vertical, 
the  axial  surface  is  horizontal.  Thus,  this  fold  is 
symmetric  and  recumbent. 
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zontal),  but  is  perletlly  syninietric  (see  also  Figure  50,  an  inclined,  sym- 
metric anticline). 

Valley  and  Ridge  terrain  does  not  consist  ot  simple  and  conjugate 
folds  isolated  from  each  other  by  hori/ontal,  unrotated  beds.  Rather, 
most  ot  the  rocks  dip  at  some  considerable  angle  and  thus  belong  to  one 
fold  or  another.  A continuously  folded  terrain  can  be  created  by  increas- 
ing the  widths  and  density  of  tlie  kink  bands,  and  a complex  arrange- 
ment of  kink  bands  results  in  a complex  pattern  ot  folds  (Figure  63). 
The  jrresence  ot  smaller  kink  bands  within  larger  kink  bands  gives  rise 
to  smaller  folds  in  tlie  limbs  and  liinges  ol  the  larger  folds.  1 he  fold 
geometry  expressed  by  a given  bed  is  dependent  on  the  bed’s  position  in 
the  kink-band  structure.  If  the  bed  traverses  a few  large,  simple  kink 
bands,  the  resultant  folds  arc  large  and  simple  with  considerable  struc- 
tural relief.  Thus,  in  a single  cross  section,  beds  in  one  part  ol  a strati- 
graphic section  may  exhibit  a cpiite  dillerent  told  geometry.  Tliis  obtains 
not  as  a function  of  lithology  or  depth,  but  purely  as  a ftmction  ot 
position  w'ithin  the  kink-band  array. 

Folds  change  in  geometry  along  trend  as  well  as  in  vertical  section.  If 
the  two  kink  bands  in  a fold  are  parallel,  then  the  cross-sectional  geom- 
etry of  tlie  fold  will  not  change  along  the  fold  trend  (and  the  fold  is 
cylindrical).  On  the  other  hand,  if  the  two  kink  bands  are  not  parallel, 
then,  in  the  direction  of  their  convergence,  they  will  cancel  each  other 
out  and  the  fold  will  diminish  in  si/e  and  vanish  (the  fold  is  non- 
cylindrical)  (Figure  64).  In  the  opposite  direction,  the  fold  enlarges  and 
either  becomes  conjttgate,  or  additional  kink  bands  increase  the  com- 
plexity of  the  strticture. 

jrarticidarly  good  example  of  the  change  in  fold  geometry  along 
trend  occurs  in  the  anticline-syncline  pair  in  the  western  and  central  part 
of  the  quadrangle,  trom  Cocolamtis  to  Kcllerville  (see  also  Faill.  1969).  .\ 
block  diagram  (F’igure  65)  of  the  lold  jtair  shows  the  lolds  diminishing 
and  vanishing  toward  the  northeast.  On  the  western  end,  the  anticline  is 
conjugate.  The  kink-band  model  used  to  explain  this  lold  geometry  con- 
sists of  two  north-dipping  kink  bands  and  an  interrening  south-dipping 
kink  band  (Figure  66).  The  various  fold  geometries  obsersed  in  the  field 
(conjugate  and  simjde  folds,  the  diminution  ol  the  anticline)  are  piesent 
m the  kink-band  model.  However,  to  |Moduce  the  eastwaid  diminution 
of  the  syncline  along  with  the  anticline,  it  is  necessary  to  assume  that 
the  northernmost  kink  band  trends  in  a mote  easterly  direction  than  the 
other  two  (i.e.,  that  the  kink  bands  are  not  parallel).  In  this  way,  the 
two  north-dipping  kink  bands  converge  toward  the  east  (Figure  67), 
pinching  out  the  intervening  south-di|)|)ing  kink  band  and  thus  produc- 
ing the  eastward  diminution  and  termination  ol  the  anticline-syncline 
pair. 
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Figure  63.  Hypothetical  complex  kink-band  array  and  resulting  fold  profiles.  In  a single  cross  section, 
two  different  beds  can  express  quite  different  fold  profiles,  depending  upon  the  particular 
size  and  arrangement  of  the  kink  bands  they  pass  through.  The  lower  beds  pass  through  a 
few  large  kink  bands,  and  exhibit  large  folds  of  large  structural  relief;  the  upper  beds  pass 
through  more,  smaller  kink  bands,  and  exhibit  smaller  folds  of  lesser  structural  relief. 
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Figure  64.  Noncylindrical  fold  produced  by  two  nonparallel  kink  bands.  The  intersection  of  the  kink 
bands,  the  kink  junction  axis,  does  not  lie  in  the  enclosing  bedding.  Thus,  the  two  kink  axes 
are  not  parallel,  and  the  hinge  line  plunges  toward  the  foreground.  The  fold  diminishes  to 
nothing  toward  the  foreground,  and  changes  into  a conjugate  fold  toward  the  background. 
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Figure  65.  The  Cocolamus  structure  in  the  western  and  central  portions  of  the  Millerstown  quadrangle, 
illustrating  the  inferred  fold  geometries  at  depth  and  the  changes  along  trend. 
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Figure  66.  Kink-band  model  which  reproduces  all  the  geometric 
features  of  the  Cocola m us  fold  structure:  the  anticline- 
syncline  fold  pair,  the  conjugate  fold,  as  well  as  the 
narrow  hinges  and  planar  bedding  in  the  fold  limbs. 

Faults 

Faults  in  the  iMilleistown  quadrangle  occur  at  all  scales,  ranging  from 
small  dislocations  with  displacement  measured  in  centimeters  to  large, 
mappable  olfsets  with  displacements  of  hundreds  of  meters.  All  the  faidts 
in  the  cjuadrangle  can  be  divided  into  three  categories:  1)  wedge  (con- 
traction) laidts,  which  lie  at  a small  angle  to  bedding,  and  with  displace- 
ment resulting  in  lateral  shortening  and  duplicaiion  of  beds;  2)  cross 
faidts,  which  are  normal  to  the  regional  lohl  axis  and  represent  the 
boundaries  of  wedge  blocks;  and  3)  extension  laults,  generally  at  a large 
angle  to  bedding,  and  with  dis]jlacement  that  resulted  in  lateral  exten- 
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Figure  67.  Application  of  the  kink-band  model  (Figure  66)  to  the  Cocolamus  structure.  By  assuming 
that  the  two  kink  bands  are  not  parallel,  but  rather  converge  toward  the  east,  the  change  in 

fold  structure  along  trend  is  completely  replicated. 
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Figure  68.  Wedge  fault  in  a vertical  quartzite  bed,  resulting  in  a 
partial  duplication  and  lateral  (vertical)  shortening  of 
the  bed.  Tuscarora  formation  in  a roadcut  along  U.S. 
Interstate  80  at  Curtin  Gap,  2 miles  southeast  of  the 
Milesburg  Interchange,  Centre  County. 


I sion  of  the  beds.  All  three  types  of  faults  are  subordinate  to  the  foldin 
j;  they  represent  local  disruptions  in  the  lolding  process. 


i Wedge  Faults 

Wedge  faults  occur  at  a small  angle  (10  to  30  degrees)  to  bedding  (Fig- 
ures 68  and  69).  The  smaller  wedge  faults  transect  only  one  or  a few 
beds,  whereas  the  largest  transect  hundreds  of  feet  of  stratigraphic  sec- 
tion. Displacement  on  these  faults  represents  a lateral  shortening  of  the 
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beds,  and  a consequent  duplication  ot  the  taidted  beds  and  thickening 
of  the  stratigraphic  section.  The  congruence  of  slickenside  directions  on 
the  wedge  faidts  and  the  adjacent  bedding  surfaces  (Figures  70  and  71) 
indicates  that  the  wedge-fault  movements  are  kinematically  related  to  the 
flexural-slip  movements.  Many  of  these  wedge  faults  represent  a transfer 
of  displacement  from  one  bedding  surface  to  another  above  or  below;  in 
others,  displacement  on  the  fault  terminates  in  a fold  (Figure  72). 

As  common  as  the  simple  wedge  faults  (those  beginning  and  termi- 
nating in  bedding  surfaces)  are  in  outcrop,  only  two  of  the  larger,  map- 
pable  faults  are  of  this  type:  the  Oriental  and  Mt.  Pleasant  Mills  faults. 
The  Oriental  fault  occurs  in  the  Middle  Devonian  rocks  in  the  east- 
central  part  of  the  quadrangle,  on  the  south  side  of  Turkey  Valley.  This 
fault  is  not  exposed,  but  its  presence  is  indicated  by  the  map  patterns 
which  are  wider  here  than  elsewhere,  by  duplication  of  units,  and  by  the 


Figure  69.  Wedge  fault  transecting  several  beds,  exhibiting 
slickensides  which  show  the  direction  (but  not  the 
sense)  of  displacement.  Tuscarora  Formation,  in  a 
roadcut  along  U.S.  Route  322  at  Spruce  Mountain, 
3 miles  northwest  of  Milroy,  Mifflin  County.  Faint  hor- 
izontal lines  caused  by  flood  damage  to  negative. 
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O Bedding  pole  Bedding  trace 

0 Wedge-fault  pole  Wedge-fault  trace 


Figure  70.  Two  wedge  faults  and  adjacent  bedding  at  a single 
outcrop.  Slickensides  on  the  wedge  faults  are  approxi- 
mately congruent  with  those  on  bedding. 

lesser  dips.  On  the  western  end,  the  fault  occurs  in  the  younger  rocks  and 
the  beds  within  the  overlying  Trimmers  Rock  Formation  to  the  north 
are  “bent”  around  this  area  (Figure  73).  This  indicates  that  this  western 
end  represents  the  “toe”  (leading  edge)  of  the  fault.  At  the  eastern  end, 
the  fault  occurs  in  older  beds,  and  there  is  no  “bending”  of  beds  in  the 
vicinity,  indicating  that  this  end  represents  the  “heel"  (trailing  edge)  of 
the  fault.  This  pattern  does  not  suggest  that  the  displacement  on  the 
fault  was  east  to  west,  but  rather  that  the  present  exposure  is  an  oblicpie 
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0 Bedding  pole  ( rotated  to  horizontal  ) Averoge  fold  axis 

X Wedge-bedding  intersection  0 Pole  to  wedge  fault 

• Slickenside  orientation  Average  TT-circle 


Figure  71.  Summary  of  all  the  wedge  faults  and  their  slickensides 
measured  in  the  Millerstown  quadrangle.  The  pole  of 
the  great  circle  is  the  local  fold-axis  direction.  The 
intersections  of  wedge  faults  and  bedding  were  de- 
rived, not  measured.  All  data  represent  bedding 
rotated  to  horizontal. 


view  of  the  fault— movement  on  the  fault  was  probably  to  the  south, 
subnormal  to  the  regional  fold  axis. 

The  other  large,  mappable  wedge  faults  in  the  quadrangle  are  asso- 
ciated with  folds  and  with  a structural  trend  change,  of  which  the  two 
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Figure  72.  Wedge  fault  terminating  upwards  in  a kink-band  fold. 

Bald  Eagle  Formation,  in  a roadcut  along  U.S.  Route 
322,  0.9  mile  south  of  Reedsville,  Mifflin  County. 


Donnally  Mills  iaults  are  characteristic.  These  two  faults  occur  iu  the 
Middle  Devonian  rocks  in  the  southwest  corner  ol  the  quadrangle,  dupli- 
cating parts  of  the  Mahantango  Formation  (Plate  1).  I'hey  extend  lor  2 
miles  (3.2  km)  to  the  southwest  into  the  adjacent  Loysville  quadrangle, 
where  they  merge  with  folds  in  Silurian  and  Lower  Devonian  rocks.  The 
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Figure  73.  The  Oriental  fault  in  the  eastern  part  of  the  Millers- 
town  quadrangle.  As  a wedge  fault,  it  originates  in  the 
middle  of  the  Mahantango  Formation,  and  terminates 
in  the  upper  part. 


folds  trend  N53E  and  plunge  gently  to  the  northeast  (Miller,  1961). 
Where  these  structures  pass  up  section  into  the  Middle  Devonian  units, 
the  folds  give  way  to  faults.  East  of  Donnally  Mills,  the  faults  die  out  and 
the  Mahantango  Ridge  trends  more  easterly  at  N67E.  The  faults  appar- 
ently lie  above  and  terminate  the  folds. 

Most  wedge  faults  occur  within  a single  limb,  beginning  along  one 
bedding  surface  and  terminating  along  another  bedding  surface  or  in  a 
fold.  A few  wedge  faults  begin  in  one  fold  limb,  cross  the  fold  hinge,  and 
terminate  in  the  adjacent  limb  (Figure  74).  .Such  faults  are  termed  cross- 
hinge faults.  In  one  fold  limb,  they  originate  in  a bedding  surface  and 
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transect  beckling  at  tlie  small  angle  chai  actci  istic  ul  wedge  lauhs.  In  ihe 
other  limb,  they  generally  transect  Ijedding  at  a larger  angle  and  do  not 
terminate  in  a bedding  surlace.  d'he  told  hinge  is  laterally  ollset  by  these 
faults.  Slickensides  on  the  faults  indicate  that  they  are  congruent  with 
the  folding,  and  thus  they  represent  a local  disruption  in  the  folding 
process.  Cross-hinge  faults  have  Iteen  observed  only  in  outcrop— no  map- 
pable  examples  have  been  lotind  in  the  Afillerstown  qtiadrangle. 

It  should  be  noticed  that  most  of  the  faults  oirserved  in  outcrop  occur 
in  setpiences  of  interbedded  lithologies  of  contrasting  mechanical  ]no|)- 
erties.  Commonly,  wedge  faults  cross  only  beds  of  siltstone  or  sandstone 
that  are  surrounded  by  shales  (e.g..  Figure  68).  Most  of  the  large,  map- 
pable  faults  similarly  occur  in  secptences  of  interlayered,  contrasting 
lithologies,  particularly  the  Mahantango  Formation,  which  is  comprised 
of  cycles  of  interbedded  shales,  siltstones,  and  sandstones.  Few  faults 
occtir  in  more  lithologically  uniform  stratigraphic  units. 

Cross  Faults 

\ number  of  faults  (with  slickensides)  are  subper|jendicular  to  the 
regional  fold-axis  direction,  and  are  thus  termed  cross  faults.  Slickensides 


Figure  74.  Cross-hinge  fault,  offsetting  the  upper  part  of  the  fold 
hinge  approximately  15  feet  to  the  left.  Mahantango 
Formation,  U.S.  Route  22-322,  2.7  miles  north  of  Amity 
Ffall,  Perry  County. 
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on  the  cross  faults  are  invariably  at  a small  angle  to  the  bedding  trace 
(Figure  75),  an  angle  similar  to  that  between  wedge  faults  and  bedding 
(Figure  76).  This  suggests  that  the  cross  faults  are  intimately  related  to 
both  the  folding  and  wedge  faulting.  As  such,  they  probably  represent 
lateral  terminations  of  wedge  blocks  (Figure  77). 

As  with  cross-hinge  faults,  cross  faidts  have  been  observed  only  in  out- 
crop. No  cross  faults  sufficiently  large  to  be  mapped  have  been  found  in 
the  Millerstown  quadrangle. 

Extension  Faults 

In  a very  few  exposures,  faults  occur  at  a large  angle  to  bedding,  gen- 
erally 60  or  more  degrees.  In  contrast  with  the  wedge  faults,  displace- 
ment on  the  extension  fault  is  such  that  the  beds  have  been  laterally  ex- 
tended. A number  of  these  are  inclined  to  each  other  and  mutually  offset 
each  other  (Figure  78),  indicating  they  are  conjugate  (developed  at  the 


Figure  75.  Slickensides  on  a minor  cross  fault.  Bedding  trace  is 
indicated  by  the  pen.  Mahantango  Formation,  along 
the  Penn  Central  Railroad  cut  on  the  east  bank  of  the 
Susquehanna  River,  2.8  miles  southwest  of  Sunbury, 
Northumberland  County. 
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Figure  76.  Slickensides  on  a cross  fault,  illustrating  the  small 
angle  between  the  slickensides  and  the  bedding-cross- 
fault  intersection. 


same  time  under  a single  stress  system).  Their  mutual  intersection,  and 
their  intersections  with  bedding,  parallel  the  fold-axis  direction  (Figure 
79).  They  usually  occur  in  the  hinges  of  folds,  and  they  offset  wedge 
faults  as  well  as  slickensided  bedding.  Their  geometric  congruence  with 
the  folds  indicates  that  they  were  part  of  the  folding  process,  but  their 
offsetting  of  all  other  structures  indicates  that  they  occurred  late  in  the 
folding. 

Extension  faults  have  been  observed  only  in  outcrop.  No  such  faults  ot 
sufficient  size  to  be  mappable  have  been  observed  in  the  Millerstown 
quadrangle. 
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Figure  77.  Wedge  block  terminated  laterally  by  a cross  fault. 

Lines  on  bedding  and  fault  surfaces  represent  slicken- 
side  directions. 

Fractures  (Joints) 

The  term  fracture,  as  used  in  this  report,  refers  to  those  ubiquitous 
surfaces  in  the  rock  along  which  rupture  has  occurred.  Excluded  from 
this  category  are  the  faults  described  in  the  previous  section.  That  is, 
fractures  are  those  ruptures  along  which  very  little  or  no  discernible 
movement  has  occurred,  and  which  do  not  have  slickensides  on  them. 

The  fractures  observed  in  the  Millerstown  quadrangle  can  be  divided 
into  two  broad  categories:  irregular  and  planar. 

The  irregular  fractures  vary  from  smoothly  undulatory  to  very  angu- 
larly irregular  (Figure  80).  They  are  generally  not  very  extensive,  and 
are  often  restricted  to  a single  layer.  Because  of  the  irregularity  of  their 


Figure  78.  A.  Conjugate  extension  faults  in  the  hinge  of  the 
Buffalo-Berry  syncline.  Catskill  Formation  (Dun- 
cannon  Member)  in  a roadcut  on  U.S.  Route  22-322 
(southbound  lane),  3.9  miles  south-southeast  of 
Millerstown,  Perry  County. 

B.  Sketch  of  conjugate  extension  faults  in  the  Catskill 
exposures  of  Buffalo-Berry  syncline,  shown  in  A. 


B 
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@ Bedding  pole 


Focal  fold  axis 


B Fault  pole 


Bedding  trace 


Figure  79.  Two  extension  faults  in  the  hinge  of  the  Buffalo-Berry 
syncline.  The  intersection  of  the  faults  is  close  to  the 
fold  axis,  and  the  slickensides  on  the  faults  are  sub- 
normal to  both. 


surfaces,  their  orientations  are  difficult  to  estimate  and  measure.  Thus, 
no  orientation  data  were  collected  on  fractures  of  this  category. 

More  commonly,  fractures  in  the  rock  are  quite  planar  and  smooth 
(Figure  81);  all  of  the  fracture  data  on  the  engineering  map  (Plate  5) 
were  measured  on  fractures  of  this  planar  category.  The  following  analy- 
sis is  based  on  data  from  109  fractures  from  45  outcrops  in  the  vicinity  of 
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Figure  80.  Curved  and  irregular  fractures.  Catskill  Formation  in  a 
roadcut  on  U.S.  Route  22-322  (southbound  lane),  3.8 
miles  south-southeast  of  Millerstown,  Perry  County. 


Millerstown  near  the  hinge  ot  the  I’ustarora  anticlinorium.  t his  limited 
area  was  selected  to  avoid  mixing  data  Irom  areas  ol  dilierent  structural 
trend. 

Figure  82  illustrates  the  density  distribution  ot  the  Iractures  in  three 
dimensions.  The  clustering  ol  Iracture  poles  in  the  northeast  and  south- 
west quadrant  perimeters  represents  Iractures  that  are  oriented  normal  to 
the  local  fold-axis  direction.  These  Iractures  are  called  dip  fractures  be- 
cause theii  line  ot  intersection  witli  bedding  is  suhparallel  to  the  dip 
direction  ot  the  bed.  The  other  significant  clustering  ot  fracttires  occurs 
as  a broad  band  from  the  northwest  to  the  sotitlieast  (piadrant.  These 
strike  fractures  (their  intersections  with  bedding  are  suhparallel  to  the 
strike  ot  bedding)  are  arranged  subnormal  to  the  dip  fractures.  Tlie 
alignment  of  this  orthogonal  fracture  pattern  with  the  told  geometry 
indicates  tliat  the  folds  and  Iractures  are  genetically  related. 

In  order  to  examine  the  relationship  ot  the  fractures  to  the  bedding  in 
which  they  occtir,  the  data  ot  Figure  82  were  replotted  as  lollows:  lor 
each  outcrop,  bedding  was  rotated  about  its  strike  to  hori/ontal,  and  tlie 
fractures  in  that  otitcrop  were  rotated  a corresponding  angle  abotit  the 


Figure  81.  Planar  fractures.  Catskill  Formation  (Duncannon  Mem- 
ber) in  a roadcut  on  U.S.  Route  22-322  (southbound 
lane),  4 miles  south-southeast  of  Millerstown,  Perry 
County. 


same  axis.  In  efiect,  the  contribution  of  bedding  dip  was  removed  from 
the  fracture  orientation  data.  The  same  orthogonal  pattern  appears  as 
before,  but  instead  of  a broad-band  distribution  of  the  strike  fractures, 
they  are  clustered  near  the  perimeters  of  the  northwest  and  southeast 
quadrants  (Figure  83).  This  indicates  that  both  the  dip  fractures  and  the 
strike  fractines  are  sidDuormal  (70  to  90  degrees)  to  bedding. 

The  consideralile  dispersion  of  the  data  in  the  clusters  in  Figure  83 
does  not  reflect  a random  distribtition  within  broad  limits.  Examination 
of  the  data  from  single  outcrops  indicates  that  both  the  dip  fractures  and 
the  strike  fractures  occur  in  pairs  and  even  triplets:  i.e.,  all  of  the  dip 
fractures  (or  strike  fractures)  in  a single  outcrop  fall  into  one  of  two  or 
three  well-defined  sets.  Deviation  of  a single  fracture  horn  the  mean 
orientation  of  a given  set  is  small.  The  angle  between  the  sets  is  approxi- 
mately 20  degrees,  ranging  from  15  to  35  degrees  (Figure  84). 


Cleavage 

In  most  of  the  rocks  in  the  Millerstown  quadrangle,  cleavage  is  not 
particularly  well  formed.  It  is  best  developed  in  some  shales  (particularly 


STRUCTURAL  GEOLOGY 


165 


Figure  82.  Orientations  of  109  fracture  sets  measured  in  the 
vicinity  of  Millerstown. 


the  Bloomsburg,  to  a much  lesser  extent  the  Catskill,  Juniata,  Rose  Hill, 
Trimmers  Rock,  and  Mauch  (ihunk  Formations)  and  in  some  argilla- 
ceous limestones  (particularly  the  Keyset'  Formation,  and  to  a much  lesser 
extent  the  I'onoloway  and  "Wills  Creek  Formations). 

It  is  a fracture  cleavage,  consisting  of  sets  ol  closely  spaced  (1/2  to  3 
inches,  1 to  H cm)  jtartings  separated  by  relatively  undeformed,  non- 
cleaved  rock  (microlithons).  The  cleavage  originated  by  pressure  solu- 
tion in  all  the  rock  types.  Material  (either  calcite  or  cjuartz,  depending 
on  the  rock  type)  was  removed  by  solution  along  the  cleavage  partings, 
with  a consequent  enrichment  of  clay  and  carbon  (Nickelsen,  1972). 
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Figure  83.  The  same  109  fracture  sets  as  in  Figure  82.  For  each 
locality,  bedding  has  been  rotated  to  horizontal,  and 
each  of  the  fracture  poles  has  been  rotated  correspond- 
ingly. 


The  nature  ot  the  cleavage  varies  as  a function  of  rock  type,  principally 
in  spacing,  width,  and  continuity  of  the  cleavage  jjartings.  In  the  Blooms- 
burg  shales,  the  cleavage  is  pervasive,  but  the  individual  partings  are 
very  thin,  fairly  close  together,  and  quite  discontinuous,  imparting  to 
the  rock  a distinctive  hackly  fracture.  In  the  Keyser,  the  partings  are 
wider  (consisting  of  many  thin  partings  grouped  together  into  a cleav- 
age zone  up  to  1/4  inch,  1/2  cm,  wide),  fairly  continuous  (at  least  across 
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Figure  84.  Summary  of  fracture  orientations.  The  dip  fractures 
occur  in  one  of  three  sets  (Al,  A2,  A3);  the  strike  frac- 
tures occur  in  one  of  five  sets  (Bl,  B2,  B3,  and  Cl,  C2, 
C3;  the  B2  set  is  equivalent  to  the  C2  set). 


single  beds,  and  frequently  across  several  beds),  and  further  apart  (2  to 
5 inches,  5 to  12  cm),  as  in  Figure  85.  In  particidar  locations,  as  in  the 
hinge  of  a few  small  folds  in  the  Tonoloway  Formation,  the  cleavage  is 
very  well  developed;  the  partings  are  narrow  and  well  defined,  \ery  con- 
tinuous across  bedding  (to  the  point  of  almost  obliterating  bedding),  and 
rather  closely  spaced  (1/32  to  1 inch,  .07  to  2.5  cm),  as  in  Figure  86. 
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Figure  85.  Fracture  cleavage  in  the  Keyser  Formation,  in  a quarry 
on  Lime  Ridge  in  Snyder  County,  2.4  miles  northwest 
of  Richfield,  Juniata  County. 

In  those  outcrops  where  the  cleavage  is  not  well  developed,  the  part- 
ings show  no  obvious  enrichment  of  clay  and  carbon.  These  partings  are 
easily  mistaken  for  a closely  spaced  fracture  set.  In  some  localities,  there 
is  also  a suggestion  of  two  cleavages  present,  intersecting  each  other  at  an 
angle  of  30  to  45  degrees. 

The  cleavage  appears  to  have  developed  during  folding  because  of  the 
parallelism  of  the  bedding-cleavage  intersections  with  the  fold  axes  (Fig- 
ure 87).  Whereas  some  of  the  cleavage  is  a true  axial-plane  cleavage  (as 
in  Figure  86),  much  of  the  other  cleavage  “fans”  the  fold;  in  the  fold 
hinge  the  cleavage  is  normal  to  bedding,  but  in  the  fold  limbs  it  dips 
away  from  the  cleavage  in  the  hinge.  This  fanning  of  cleavage  may  repre- 
sent an  orthogonal  (to  bedding)  cleavage  developed  early  in  the  folding 
that  was  subsequently  rotated  externally  away  from  the  axial  plane  (in- 
ternally toward  the  axial  plane).  The  true  axial-plane  cleavage  probably 
reflects  extensive  solution  activity  in  the  later  stages  of  folding,  and  was 
not  subsequently  rotated. 


STRUCTURAL  GEOLOGY 


169 


Figure  86.  Cleavage  in  the  hinge  of  a small  fold  in  the  Tonoloway 
Formation,  in  a small  quarry  on  Lime  Ridge  in  Snyder 
County,  2.4  miles  northwest  of  Richfield,  Juniata 
County.  The  subvertical  cleavage  transects  the  faint 
anticlinal  bedding.  The  cleavage  is  refracted  in  a 1-inch- 
thick  layer  on  the  right  side  of  the  photograph. 


LARGE  STRUCTURES  ON  THE  GEOLOGIC  MAP 

Introduction 

It  has  been  demonstrated  (see  sections  on  simple  folds  and  wedge 
faults)  that  the  largest  structures  in  the  cjuadrangle  are  geometrically 
similar  to  the  small  structures  observable  in  outcrop.  The  largest  folds 
possess  narrow  hinges  and  relatively  constant  bed  orientation  in  the 
limbs,  as  do  the  smallest  folds.  Kink-band  (flexural-slip)  lolding  was  the 
dominant  deformational  process:  wedge  faulting  was  a subordinate 
process.  Because  of  the  wide  range  of  fold  sizes,  the  simplicity  of  the 
largest  folds  is  somewhat  obscured  by  the  presence  of  smaller  folds.  It 
seems  appropriate,  therefore,  to  describe  the  larger,  mappable  structuies, 
and  to  demonstrate  how  they  relate  to  each  other. 
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• Cleavage-bedding  intersection 


Figure  87.  Cleavage-bedding  intersections  in  the  Millerstown 
quadrangle. 


Two  anticlinoria  and  two  synclinoria  cross  the  Millerstown  quad- 
rangle-each will  be  discussed  separately  beginning  with  the  southern- 
most. Although  an  anticlinorium  and  an  adjacent  synclinorium  share  a 
common  limb  (and  thus  lesser  structures  in  that  limb  belong  to  both 
major  folds),  it  seems  simpler  to  discuss  each  lesser  structure  in  the  con- 
text of  the  major  fold  hinge  to  which  it  is  closest. 

Buffalo-Berry  Synclinorium 

The  axial  trace  of  the  Buffalo-Berry  synclinorium  crosses  the  quad- 
rangle from  the  south  edge  to  the  east  edge,  trending  N71E.  The  syn- 
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clinoriuni  plunges  in  this  direction  at  10  tlegrees;  the  youngest  rocks  ex- 
posed in  the  hinge  are  the  Mauch  Chunk  Formation.  1 he  attitude  ol  the 
axial  surface  is  approximately  subvertical.  The  bedding  tends  to  be 
steeper  in  the  south  limb  than  in  the  north  limb,  suggesting  that  the 
fold  is  probably  inclined  to  the  northwest. 

Fhe  synclinorium  is  fairly  simple  with  few  folds  and  faults  in  the 
limbs.  I'he  dip  of  bedding  in  the  limbs  is  moderate  to  steep  and  (juite 
uniform  throughout  each  limb.  I'here  is  not  the  smoothly  progressive 
increase  in  dip  away  from  the  hinge  that  is  characteristic  ol  concentric 
folds.  Rather,  the  overall  geometry  is  similar  to  that  of  the  smaller  kink- 
band  folds  seen  in  outciojL 

■A,  faidt-fold  structure  (Buftalo  Mountain)  ol  third-order  si/e  occurs 
1 3/4  miles  (2.8  km)  north  ol  the  synclinoi  ium  hinge  along  the  east  edge 
of  the  (juadrangle  and  in  the  Millersburg  tpiadrangle  to  the  east  (Figure 
88).  The  bifurcated  ridges  ol  Pocono  rocks  (see  Plate  1)  are  separated  b\ 
the  laidt.  The  southern  ridge  is  an  anticline,  plunging  eastwartl  at 
approximately  11  degrees  and  terminating  as  a topogTaphic  ridge  at  the 
river.  Fhe  northern  ridge  continues  eastward  from  the  Sus(|uehanna 
River  into  the  .Millersburg  (juadrangle  as  a homoclinal  ridge.  The  fault 
passes  from  Catskill  rocks  in  the  west  through  the  Pocono  Formation 
into  Afauch  Chunk  rocks  to  the  east.  Because  no  evidence  ol  the  fault 
was  tound  in  the  Catskill  rocks  north  ol  the  mountain  scree,  it  is  con- 
cluded that  this  edge  of  the  laidt  jiarallels  bedding  somewhere  in  the 
Duncannon  Member.  It  also  ajrpears  to  jiarallel  bedding  in  the  Afauch 
Chunk  rocks  to  the  east  and  thus  is  inferred  to  be  a very  large  wedge 
faidt  (Figure  89).  The  anticlinal  Bulfalo  Afountain  fold  that  is  associated 
with  the  faidt  occurs  only  in  the  rocks  abo\c  the  lault  and  rejircsents 
folding  of  the  overlying  beds  during  the  faulting.  4'his  fault-lold  struc- 
ture is  oblicjue  to  the  treiul  ol  Buffalo  Afountain.  jdunging  11°  N72E, 
virtually  identical  to  the  jilunge  of  the  synclinorium.  Because  of  this 
eastward  jdunge,  the  lower  jrart  of  the  structure  (the  trailing  edge  of  the 
fault)  is  exjjosed  in  the  west,  and  the  ujrjier  jiai  t (the  toe)  in  the  east. 

In  the  midst  of  the  Catskill  outcroji  belt  in  the  north  limb  of  the 
synclinorium,  a lOOO-foot-wide  (30,5  m)  /one  of  very  gently  southeast 
dipjring  rocks  extends  for  2.5  miles  (1  km)  east  and  west  from  Centers  ille 
(Figure  88).  This  /one  has  the  geometry  of  a snbvertical  kink  band,  but 
the  sense  of  rotation  in  the  rocks  is  unusual.  In  every  other  kink  band 
in  this  synclinoiium,  the  rocks  have  steejrened  and  overturned.  In  the 
Centersille  kink  band,  they  ajijiear  to  have  been  rotated  back  towards 
horizontal.  On  the  east  side  ol  the  Sirscjuehanna  Riser,  a /one  ol  over- 
turned beds  in  the  Pocono  Formation  di|)s  to  the  north  at  about  20  de- 
grees (Hoskins,  1967),  jrossessing  a kink-band  geometry.  Because  of  the 
ojijiosite  senses  of  rotation,  these  tsvo  kink  iiands  seem  to  be  a conjugate 
jrair. 
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Figure  88.  Map  of  the  Buffalo  Mountain  fault-fold  structure.  Geology  in  the  Millersburg  quadrangle  by 
Hoskins  (in  prep.). 
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Figure  89.  Cross  section  inferred  from  the  map  in  Figure  88.  The 
Buffalo  Mountain  fault  appears  to  be  a large  wedge 
fault,  with  a fold  developed  in  the  overriding  block. 
The  Centerville  kink  bands  are  a conjugate  set  de- 
veloped in  the  overridden  block. 


The  geograpliic  location  of  this  conjugate  kink-ljand  structure  is  note- 
worthy. It  is  not  directly  connected  to  the  Bullalo  Mountain  fault  struc- 
ture. but  occurs  1 mile  (1.6  km)  north  of  it.  Also,  it  divides  a terrain  of 
steeply  dijrping  rocks  to  the  north  and  east  from  moderately  tlipping 
rocks  to  the  south.  Its  geometry  is  similar  in  trend  and  orientation  to 
the  Buffalo  Mountain  fault-fold  structuie.  Thus,  these  kink  bands  appear 
to  be  related  to  the  Buffalo  Mountain  structure,  as  a local  distortion  that 
resulted  from  faultin'^  and  foldin'*  to  the  south. 

O O 


Tuscarora  Anticlinorium 

The  Tuscarora  anticlinorium  lies  to  the  north  of  the  Bitllalo-Berry 
synclinorium,  occupying  most  of  the  southern  half  of  tlte  Millcrstowti 
quadrangle  (and  sharing  a common  limb  with  that  synclinorium). 

The  hinge  of  the  anticlinoi  ium  trends  N66E  in  the  western  portion 
of  the  (ptadrangle  and  N75F.  in  tlie  eastern  portioti,  a sizable  change  in 
direction  for  such  a short  distance  along  trend.  T he  change  is  not  grad- 
ual, but  rather  abrupt,  occurring  in  the  vicitiity  ol  Slaughterback  Hill. 
The  anticlinorium  plunges  an  average  of  1 degrees  across  the  tpiad- 
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rangle,  6 degrees  less  than  titat  of  the  Bufialo-Berry  synclinorium.  The 
oldest  rocks  exposed  in  the  hinge  are  tlie  Silurian  I'uscarora  Formation. 

4 he  area  of  abrupt  change  in  trend  is  the  same  area  in  which  the  anti- 
clinorium  hinge  undergoes  significant  changes  in  its  cross-sectional  pro- 
file. West  of  the  quadrangle,  at  the  culmination  of  the  anticlinorium  at 
Run  Gap  (north  of  Ickesburg  in  the  Loysville  cjuadrangle),  the  anticline 
has  planar  limbs  and  a narrow  hinge  (F'igure  90).  At  the  Juniata  River, 
the  hinge  is  considerably  wider  and  appears  concentric  (see  Figure  53). 
Eastward,  at  Cocolamus  Creek,  the  fold  profile  is  conjugate  with  a broad 
area  (interlimb)  of  gently  northeastward  dipping  beds  between  the 
hinges.  Further  to  the  east,  at  the  hinges  of  the  conjugate  fold,  small 
anticlines  ajjpear  and  increase  in  amplitude  toward  Nekoda.  At  Nekoda, 
the  conjugate  geometry  of  the  hinge  is  replaced  by  two  anticlines  and  an 
intervening  syncline.  Eastward  toward  the  eastern  boundary  of  the  quad- 
rangle, the  southern  anticline  diminishes  in  size  and  vanishes  in  the  flank 
of  the  northern  anticline.  At  the  eastern  boundary  of  the  quadrangle, 
there  is  again  a simple  anticlinal  geometry  similar  to  that  at  Run  Gap, 
22  miles  (35  km)  to  the  west. 

I'his  cliange  of  hinge  structure  is  a consequence  of  a change  in  the 
trend  of  the  kink  bands  comprising  the  fold.  North  of  Slaughterback 
Hill,  the  rocks  in  the  northern  limb  of  the  anticlinorium  have  been 
rotated  about  an  axis  trending  N77E,  whereas  in  the  southern  limb,  the 
axis  of  rotation  was  N68E.  The  eastward  convergence  of  these  two  dif- 
ferent trends  causes  the  fold  to  plunge  to  the  east,  and  local  strain  in- 
homogeneities  resulting  from  this  change  in  trend  caused  the  develop- 
ment of  the  third-order  folds  in  the  hinge  of  the  anticlinorium. 

The  south  limb  ol  the  I'uscarora  anticlinorium  has  been  discussed  in 
part  in  the  preceding  section  on  the  Buffalo-Berry  synclinorium.  The 
only  other  significant  structures  in  the  south  limb  are  the  Donnally  Mills 
faidt,  which  was  described  in  the  section  on  wedge  faults,  and  the  Wild- 
cat fault-fold  structure. 

I'he  Wildcat  fault,  in  Wildcat  Ridge  0.5  mile  (0.8  km)  south  of  Mil- 
lerstown,  begins  in  the  Eisher  Ridge  Member  of  the  Alahantango  Eorma- 
tion  and  crosses  up  section  to  the  east,  terminating  in  the  Sherman  Ridge 
Member.  An  anticline-syncline  fold  pair  north  ol  the  fault  in  older  rocks 
plunges  gently  eastward,  and  terminates  against  the  fault.  In  these  re- 
spects the  Wildcat  structure  is  similar  to  the  Donnally  Mills  fault-fold 
structure.  The  principal  dilterence  is  the  presence  in  the  Wildcat  struc- 
ture of  a small  anticline  and  syncline  in  the  rocks  above  the  fault  east 
of  the  Juniata  River.  This  fold  pair  is  not  a continuation  of  the  fold 
pair  below  (tiorth  of)  the  fault  (and  transected  by  the  fault);  it  originates 
and  increases  in  amplitude  to  the  east  before  flattening  out  and  losing 
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Figure  90.  Configuration  of  the  top  of  the  Keefer  Formation  along  the  Tuscarora  anticline.  The  com- 
plexities of  the  fold  geometry  between  Millerstown  and  Nekoda  are  related  to  the  change  in 
trend  of  the  north  limb  of  the  anticline. 
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definilion.  The  Wildcat  lault  was  apparently  a consequence  of  the 
underlying  folds,  whereas  the  overlying  folds  represent  local  deformation 
within  the  overriding  block.  The  two  sets  of  folds  were  therefore  some- 
what independently  developed. 

Compared  to  the  relative  simplicity  of  the  south  limb,  the  north  limb 
of  the  Tuscarora  anticlinorium  is  complex.  From  the  area  north  of 
Thompsontown  that  is  underlain  by  Lower  and  Middle  Devonian  rocks, 
a complex  of  structures  extends  across  the  quadrangle  with  great  changes 
in  cross-sectional  profile.  West  of  Delaware  Creek  and  east  of  Cocolamus 
Creek,  the  folds  are  relatively  simple  and  open.  Between  the  two  creeks, 
these  folds  are  transected  hy  three  wedge  faults,  residting  in  duplications 
of  cycles  within  the  Mahantango  Formation  (similarities  among  these 
cycles  preclude  a definitive  unraveling  of  the  structures).  Apparently, 
the  amount  of  horizontal  shortening  required  in  this  area  during  the 
regional  deformation  was  greater  than  could  be  accommodated  by  simple 
folding.  As  a consetjuence,  w’edge  faulting  was  a major  supplementary 
deformational  process  here. 

North  of  these  faidted  folds,  the  Shelley’s  Ridge  anticline  is  a relatively 
simple  conjugate  fold,  with  a subsidiary  lold  in  the  crest  that  trends 
N4.^)E  (25  degrees  dilferent  from  that  of  the  main  anticline).  North  of 
White  Oak  Hollow,  another  subsidiary  anticline  is  developed  on  the 
south  hinge  of  the  conjugate  fold,  lliis  subsidiary  fold  parallels  the  main 
anticline  and  persists  for  at  least  2 miles  (3.2  km)  to  the  east  where  it 
apparently  diminishes  in  size  and  vanishes.  North  of  Wardville,  the 
Shelley’s  Ridge  anticline  is  again  a simple  conjugate  lold. 

In  the  area  of  Cocolamus  Creek  all  three  faults  diminish  in  displace- 
ment to  the  east  and  vanish.  In  addition,  the  three  anticlines  (Shelley’s 
Ridge,  and  the  two  faulted  anticlines,  Dimsville  and  Cranes  Run)  de- 
crease in  amplitude,  Irecoming  two  very  open,  simple  folds.  This  change 
in  structure  along  trend  represents  a signifKant  decrease  in  the  amount 
of  horizontal  shortening  as  expressed  by  these  structures. 

I’he  Cranes  Run  laidt  forms  the  southern  boundary  of  these  struc- 
tures; .south  of  this  fault,  the  rocks  maintain  a moderately  steep  dip.  But 
the  important  contrast  across  this  fault  is  the  difterence  of  trend:  north 
of  the  faidt  the  structures  trend  N7()E:  south  of  the  fault,  the  beds  trend 
NSIF.  This  change  is  trend  is  locally  significant,  occurring  in  the  same 
general  area  as  the  change  in  trend  of  the  hinge  of  the  Tuscarora  anti- 
clinorium. Although  a relationshi])  between  these  two  trend  changes  is 
prolralrle,  it  is  unlikely  that  one  was  the  cause  of  the  other;  rather,  both  of 
these  trend  changes  probably  reflect  a fundamental  change  in  the  anti- 
clinorium which  was  controlled  by  more  regional  proccs.ses  operating  at 
.some  depth  below  the  present  surface  exposures.  These  trend  changes 
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constitute  the  surtace  expression  ot  the  cur'atnre  ol  the  X'alley  and 
Ridge  province  in  tliis  area. 

In  the  eastern  part  of  the  quadrangle,  the  same  belt  of  Middle  Devo- 
nian rocks  exhibits  a series  ol  two  anticlines  and  two  synclines  (the 
Barners  Church  folds)  just  north  ol  the  anticlinoriuni  hinge.  In  contrast 
to  the  structures  at  Wardville,  these  folds  are  not  associated  wit  It  lault- 
ing,  for  no  mappable  faults  were  found  in  the  \icinity.  d he  significance 
of  these  folds  is  two  fold:  the  trend  of  their  axial  surfaces  (NtiSE)  dilfers 
from  that  of  the  anticlinoriuni  hinge  (N75E);  and  the  folds  originate  as 
minor  flexures  in  the  limb  of  the  anticlinoriuni,  increasing  in  si/e  and 
amjilitucle  to  the  east  (Eigure  91).  Because  the  bedding  clips  in  the  limbs 
of  these  folds  are  not  significantly  cliilerent  from  those  across  the  anti- 
clinorinni  limb  to  the  west,  the  amount  of  shortening  does  not  vary 
along  this  limb.  I'he  difference  is  that  in  the  west  the  single  large  kink 
band  comprises  the  anticlinoriuni  limb,  whereas  to  the  east  several 
smaller  kink  bands  appear,  giving  rise  to  the  Barners  Church  folds.  The 
trend  of  these  folds  is  similar  to  that  ol  the  Lock  Ridge  structures  to  the 
west,  and  thus  represents  a reappearance  of  this  striutural  trend.  This 
type  of  interfingering  of  trends  represents  another  form  of  arcuation  of 
the  Valley  and  Ridge  structures.  The  Orienial  laidt  occurs  north  and 
northwest  of  the  Barners  Church  folds,  but  does  not  appear  to  be  part 
of  these  structures. 

Quaker  Valley  Synclinoriuni 

The  Quaker  Valley  synclinoriuni  lies  north  of  the  'Euscarora  anli- 
clinoriuni  and  has  a similar  change  in  trend  across  the  c]uadrangle,  bear- 
ing N67E  in  the  western  part  and  N73E  in  the  eastern  part.  The  9 degree 
plunge  of  the  syncline  in  the  west  decreases  to  subhori/ontal  in  the  east. 

T he  hinge  is  a simple  syncline  in  the  west,  but  in  the  center  of  the 
quadrangle,  it  is  replaced,  en  echelon,  by  another  syncline.  Jn  the  west, 
the  syncline  appears  to  be  upright  and  symmetric,  with  moderately  dip- 
ping beds  in  both  limbs.  In  the  east  the  hinge  of  the  syncline  is  open, 
with  variable  but  generally  gentle  clijis  in  both  limbs.  The  fold  geometiy 
here  resembles  that  ol  the  'I’rimmers  Rock  outcroj)  area  to  the  south, 
where  the  folds  are  the  eastward  extensions  ol  the  Lock  Ridge  structures 
(see  Luscarora  anticlinoriuni  section  above). 

Eor  1 to  2 miles  (l.fi  to  3.2  km)  north  of  the  synclinoriuni  hinge  the 
bedding  is  generally  moderately  south  dijiping,  with  minor  tolds  and 
kink  bands  scattered  throughout.  Two  significant  stiuctures  are  present 
in  the  western  and  central  jiarts  of  the  cjuach  angle.  .\n  antic  linc-syncline 
fold  pair,  iiresent  in  the  area  ot  Cocolamus,  plutiges  and  \anishes  east- 
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Tuscarora 

Barners  Church  folds  anticline 


Figure  91.  The  Barners  Church  folds  in  the  north  limb  of  the 
Tuscarora  anticlinorium,  near  the  east  boundary  of 
the  quadrangle.  These  folds,  which  trend  more  north- 
easterly than  the  main  anticlinorium,  increase  in 
amplitude  and  size  to  the  east. 

ward  near  Kellerville.  This  structure  has  been  previously  discussed 
(p.  145,  see  also  Faill,  1969)  and  is  a multiple  kink-band  structure  (Fig- 
ures 65-67,  p.  148-150).  The  other  significant  structure  in  the  north  limb  of 
the  Quaker  Valley  synclinorium  is  the  Flint  Ridge  fault  and  associated 
folds.  The  Flint  Ridge  folds  lie  just  north  of  the  Cocolamus  anticline- 
syncline  fold  pair  and  are  terminated  to  the  east  by  the  Flint  Ridge 
fault.  As  in  the  Cocolamus  structures,  the  folds  are  fairly  open  in  the 
west  with  moderate  dips  in  the  limbs  (Figure  92).  Eastward,  the  folds 
become  smaller  with  a steeper  dip  in  the  south  liml)  and  a progressively 
gentler  dip  in  the  common  limb.  East  and  southeast  of  Evendale,  along 
Elint  Ridge,  the  fold  pair  terminates  against  a wedge  fault  in  the  Old 
Port  Eormation.  The  folds  do  not  persist  in  the  rocks  above  the  favdt; 
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gure  92.  The  Flint  Ridge  structure.  The  eastwardly  diminishing  folds  are  replaced  by  a fault. 
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the  abnoiinally  wide  outcrop  pattern  in  the  Old  Port  Formation  reflects 
a lessening  of  dip  above  the  fault. 

d'he  Flint  Ridge  structures  bear  a great  similarity  to  the  Wildcat 
Ridge  structures  in  the  south  limb  of  the  Tuscarora  anticlinorium.  Ex- 
cept for  the  presence  of  a fault  at  the  fold  termination,  the  Flint  Ridge 
structure  is  similar  to  the  Cocolamus  folds  as  well.  In  all  three  struc- 
tures, there  is  a change  of  trend,  and  thus  these  structures  appear  to  be 
a common  form  of  arcuation  in  the  province. 

Shade  Mountain  Anticlinorium 

The  Shade  Mountain  anticlinorium,  which  occupies  the  northern  third 
of  the  c|uadrangle,  consists  of  a central  anticline  with  major  subsidiary 
folds  on  both  limbs.  Its  hinge  trends  N75E  in  the  western  part  and  N65E 
in  the  eastern,  a change  in  trend  opposite  to  that  which  occurs  in  both 
the  Tuscarora  anticlinorium  and  the  Quaker  Valley  synclinorium.  The 
fold  axis  of  the  central  anticline  is  nearly  horizontal  across  the  quad- 
rangle, but  just  northeast  of  the  cjuadrangle  boundary,  it  plunges  north- 
east at  about  10  degrees. 

The  central  anticline  is  relatively  simple,  d'o  the  west,  in  the  Mifflin- 
town  cjuadrangle,  the  anticline  ajrjrears  to  be  ujjright  and  symmetrical, 
trending  N65E  and  having  a horizontal  axis.  At  the  western  border  of 
the  Millerstown  quadrangle,  the  fold  becomes  conjugate  (Figure  93).  It 
also  becomes  asymmetric  with  the  ajrjrearance  of  small  folds  in  the  Tus- 
carora and  Rose  Hill  rocks  in  the  north  limb  and  a shifting  of  the  crest 
southward.  These  subsidiary  folds  trend  N75E  to  N80E,  and,  in  the  east 
where  the  anticlinorium  hinge  trends  N65E,  they  converge  toward  the 
hinge  and  die  out. 

In  the  .south  limb  of  the  anticlinorium,  the  major  subsidiary  folds  are 
Slim  Valley  Ridge  anticline  and  Slim  Valley  syncline,  which  extend 
from  the  western  border  to  the  Mt.  Pleasant  Mills  area  in  the  northeast 
portion  of  the  cjuadrangle.  These  folds  are  relatively  simjrle  in  form  ex- 
cejrt  in  the  Mt.  Pleasant  Mills  area  where  the  Slim  Valley  syncline  en- 
larges and  develops  into  the  Western  Middle  Anthracite  syncline  to  the 
east  (Wood  and  others,  1969).  Near  Mt.  Pleasant  Mills,  numerous  small 
folds  are  sujrerimjrosed  on  the  larger  structures  (Figure  94).  Lime  Ridge, 
occujrying  the  hinge  of  Slim  Valley  syncline,  consists  of  two  to  three 
small  synclines  and  one  to  two  intervening  anticlines.  On  the  south 
limi)  of  Slim  Valley  Ridge  anticline,  there  are  several  small  jrericlinal 
folds  of  short  length.  At  the  eastern  border,  this  anticline  merges  into 
the  south  limb  ot  the  Western  Middle  Anthracite  syncline. 
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Figure  94.  The  eastwardly  terminating  Slim  Valley  anticline  and  the  westwardly  terminating  Western 
Middle  Anthracite  syncline  meet  in  a complex  of  small  folds  of  short  length  in  the  Mt.  Pleasant 
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ENVIRONMENTAL  GEOLOGY 

Environmental  geology  concerns  all  ol  the  aspects  ol  the  bedrock,  soil, 
and  water  which  have  an  ehect  on  the  human  environment  in  a given 
area.  This  broad  field  includes  aspects  ol  hydrology,  pedology,  engineer- 
ing geology,  economic  geology,  and  the  analysis  ol  geologic  ha/,ards.  The 
mineral  resources  ol  the  cpiadrangle  are  treated  in  the  lollowing  section 
and  studies  ol  the  origin,  distribution,  and  utilization  ol  soil  types  are 
being  prepared  on  a county  basis  by  the  Soil  Conservation  .Service  ol  the 
U.S.  Department  ol  Agricidture. 

I’he  en\  ironmental  geology  discussion  will  emjjhasi/e  hydrology  and 
the  engineering  characteristics  ol  tlie  bedrock. 

HYDROLOGY 

Although  detailed  analysis  ol  the  water  re.sources  is  beyond  the  scope 
ol  this  report,  some  hydrologic  data  are  presented  and  are  related  to  the 
geology  to  provide  l)asic  inlormation  to  water  users.  These  data  were 
collected  Irom  well  drillers’  rejjorts,  interim  reports,  and  open-fde  rejiorts 
ol  the  Pennsylvania  Geological  Survey,  and  throtigh  personal  communi- 
cation with  well  drillers  and  well  owners. 

Surface  Water 

d'he  major  stream  in  the  cjuadrangle  is  the  juniata  River,  whicli  flows 
southeastward  across  the  southwest  corner  ol  the  (piadrangle,  as  shown  in 
the  frontis|)iece.  I'he  Susquehanna  River  flows  sotithward  I to  5 miles 
(1.6  to  8 km)  east  ol  the  cpiadrangle,  and  the  confluence  of  these  two 
rivers  is  12  miles  (19  km)  south  ol  the  cpiadrangle.  At  that  point  tlie 
Suscpiehanna  is  al)out  85  miles  (137  km)  from  the  point  where  it  enters 
Chesapeake  Bay.  I’he  principal  Susquehanna  tributaries  are  Middle 
Creek,  West  Mahantango  Creek,  Bargers  Run,  Bucks  Run,  and  Hunters 
Run.  I'he  streams  which  flow  into  the  |uniata  are  Delaware  Cheek, 
Cocolamus  Creek,  Raccoon  Creek,  Wildcat  Run,  Howe  Run,  and  Sugar 
Run.  ']  he  areas  ol  the  drainage  basins  ol  these  streams  are  listed  in 
1 able  22. 

Annual  precipitation  is  approximately  40  inches  (Johnston,  1970),  as 
measured  at  the  stream  gaging  station  at  Newport.  Records  are  also  avail- 
able from  a gaging  station  which  was  maintained  on  (iocolamus  Creek 
near  .Millerstown  during  the  years  1930-1945.  4 he  average  streamflow  lor 
the  Juniata  River  from  1899  through  1967  was  4,195  cubic  leet  |)er  sec- 
ond, which  is  the  ecpiivalent  ol  17.7  inches  ol  jirecipitation  per  year  lor 
the  basin  drainage  area  abo\e  this  point  (Williams  and  George,  1968). 
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Table  22.  Basin  Drainage  Areas  of  Streams  in  the 
Millerstown  Quadrangle 


Streams 

Square 

miles 

Square 

kilometers 

Juniata  River  (above  Newport) 

3,354.0 

8,686.9 

Delaware  Creek* 

12.5 

32.4 

Cocolamus  Creek  * 

57.2 

148.1 

Raccoon  Creek  * 

21.5 

56.7 

Sugar  Run* 

2.8 

7.3 

Wildcat  Run  * 

9.5 

24.6 

Howe  Run* 

3.7 

9.6 

Middle  Creek 

175.0 

453.3 

Mahantango  Creek 

86.2 

223.3 

Hunters  Run 

7.5 

19.4 

Bargers  Run 

13.0 

33.7 

Bucks  Run 

4.  1 

10.6 

* Denotes  streams  draining  into  the  Juniata  River.  Others  drain  into  the  Susquehanna 
River. 


Williams  and  George  conclude:  “About  halt  ol  the  annual  precipitation 
returns  to  the  ocean  by  the  river.  The  remaining  water  recharges  the 
ground-water  reservoir,  provides  moisture  lor  vegetal  growth,  or  is  lost 
to  the  atmosphere  Iry  evaporation.  Relatively  little  water  is  consumed  by 
industrial  processes  in  the  basin."  Johnston  (1970)  prepared  a basin  water 
budget  for  Cocolamus  Creek  (Table  23)  which  indicated  that  45.6  per- 
cent of  the  precipitation  fallirrg  on  the  basin  flows  out  through  Coco- 
lamrrs  Creek. 

A considerable  amount  of  sediment  is  transported  by  the  tributary 
streams  and  by  the  two  major  rivers.  Williarrrs  and  Reed  (1972)  presented 
the  followitrg  conclusiorrs  regarding  sedimerrt  trairsport:  (1)  The  amount 
of  sedirrrent  trair.s|rorted  dowrr  the  Juniata  River  at  Newport  is  equiv- 
alent to  79  toirs  per  year  per  square  mile  of  basitr;  (2)  The  sedinrerrt  load 
for  the  Susqueharrna  River  is  equivalent  to  110  toirs  per  year  per  square 
mile  of  basin;  (3)  44ie  average  sediment  size  distribution  of  the  stream- 
transported  sedimeirts  iir  the  Susqueharrna  basin  is  approxirrrately  10 
percent  saird,  40  percent  clay  and  50  percent  silt;  aird  (4)  Sediment  load 
in  the  Stisquehanna  basin  has  been  decreasiirg  in  recent  years.  For  ex- 
ample, the  sedimerrt  load  in  the  Juniata  River  at  Newport  dropped  by 
25  percent  betw'eeir  1951  aird  1967. 

Subsurface  Water 

The  water  supply  for  nrost  of  the  inhabitants  iir  the  quadrangle  is  de- 
rived from  grouird  water  by  means  of  drilled  wells.  Pertinent  data  from 
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Table  23.  Water  Budget  for  Cocolamus  Creek  Basin, 
Perry  and  Juniata  Counties,  Pennsylvania 

( Data  from  Johnston,  1970) 


Gaging  station: 

Basin  drainage  area: 
Precipitation  station: 
Precipitation  recorded: 
Precipitation,  inches/year 
Average  streamflow: 
.Average  annual  water  loss 


Cocolamus  Creek 
57 . 2 square  miles 
Newport,  Perry  County 


1948-1957 

41.78 


19.11  inches  (45. 7*^  < of  precipitation  I 


(precipitation  less  runoff): 


22.67  inches  (54.3'^(  of  precipitation) 


116  recent  wells  are  presented  in  .\ppendix  I\J  .A.,  and  the  wells  are 
located  on  Plate  5.  Average  values  of  hydrologic  data  lor  each  formation 
are  presented  in  Appendix  IV,  B. 

Most  of  the  wells  are  less  than  150  feet  (46  m)  deep  and  the  water- 
bearing zones  are  generally  encountered  at  less  than  100  feet  (30  m) 
(Figure  95).  The  yields  of  the  water  wells  vary  with  their  topographic 
locations;  the  lowest  yields  are  from  wells  on  hilltops  and  the  highest 
yields  from  wells  in  the  valleys  (Table  24).  The  type  of  rock  in  which 
the  w'ell  is  drilled  appears  to  have  only  a small  influence  on  yield.  Aver- 
age yields  from  limestones  in  general  are  slightly  higher  than  those  from 
shales  or  sandstones  (Table  25).  On  the  other  hand,  much  greater  varia- 
tion exists  among  the  different  rock  formations  (Figure  96).  Wells  in  the 
Trimmers  Rock  and  T'onoloway  Formations  possess  the  highest  average 
yields,  whereas  those  in  the  Mahantango,  Onondaga,  and  Mifflintown 
Formations  possess  the  lowest  yields.  This  wide  variation  of  yields  among 
the  limestones  explains  why  the  limestones,  as  a group,  have  average 
yields  that  are  similar  to  the  average  yield  of  shales  and  sandstones. 

These  tables  indicate  that  the  optimum  location  for  a water  well  in 
the  Millerstown  quadrangle  is  in  a valley  bottom  which  is  underlain  by 
limestone  in  the  Tonoloway  Formation,  as  in  Pfoutz  Valley  and  Raccoon 
Valley. 


Water  Quality 


The  quality  of  the  ground  water  is  of  as  much  importance  as  the 
quantity.  Seaber  and  Hollyday  (1965)  presented  data  on  the  Upper 
Silurian,  Devonian,  and  Mississippian  formations  for  the  lower  Susque- 
hanna River  basin  (Table  26).  Johnston  (1970)  compiled  data  on  the 
Low'er  and  Middle  Silurian  formations  for  two  quadrangles  adjacent  to 
the  Millerstown  tjuadrangle  (Table  26).  Johnston  concluded  that  “ground 
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Figure  95.  Histograms  of  well  depth  and  reported  depth  to  shallowest  water  producing  zones.  Data  from 

116  wells  in  the  Millerstown  15-minute  quadrangle. , 
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Table  24.  Comparison  of  Average  Yield  with  Topographic 
Location  of  Water  Wells 


Well  location 

.\verage  yield  * 

(in  gpm) 

Number 

of  wells 

Hilltop 

8 

3 (4T) 

Drainage  divide 

20** 

4 (5%) 

Slope 

14 

23  (30^7  ) 

Valley 

28 

47  (hpr; ) 

* Only  those  wells  whose  locations  are  know'n  within  100  feet  were  used  in  computing 
these  averages. 

**  This  figure  is  questionable  because  of  insufficient  number  of  wells. 


Table  25.  Comparison  of  Average  Water  Well  Yield  with  the  Reported 
Rock  Type  in  the  Producing  Interval  of  the  Well 


.■\verage  yield  Number 

Rock  type  ( in  gpm ) of  wells 


Limestone 

It). 

.6 

26  (23-  , ) 

Shale 

15. 

8 

74  (65',,  ) 

Sandstone 

1.5. 

2 

13  (IP,  ) 

all  rock  units  in  this 

area 

is 

generally  of  good  chemical 

quality.  Water  troni  calcareous  shales  aucl  limestones  generally  has  a clis- 
solvecl  solids  content  of  200  to  300  mg/1  and  is  generally  hard  to  very 
hard.  Water  from  the  non-calcareous  shales  and  sandstones  generally  has 
a total  dissolved  solids  content  of  100  to  200  mg/l  and  is  generally  soft  to 
moderately  hartl.” 


Water  Use 

Inasmuch  as  there  is  little  industry  anti  towns  are  relatively  small  and 
few,  it  is  not  surprising  that  the  largest  consumption  ol  water  is  lor 
domestic  use.  Industrial  use  amounts  to  less  than  20  percent  and  the 
public  water  supplies  account  for  the  balance  (Table  27). 

rite  public  water  siqrjtlies  are  jtrovitled  only  for  the  larger  communi- 
ties: Millerstown,  T'hom|xsontown,  Richfield,  Beaver  Springs,  Beaver- 
town,  and  i\It.  Pleasant  Mills.  The  water  for  these  sup|jlies  is  obtained 
from  a combination  of  wells,  springs,  and  mountain  streams  (T  able  28). 
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quadrangle.  Based  on  data  listed  in  Appendix  IV. 


Table  26.  Quality  of  Ground  Water  in  Geologic  Units  in  the  Millerstown  Quadrangle 

(Data  for  Keyser,  Wills  Creek.  Tonoloway,  and  all  younger  units  are  taken  from  Seaber  and  Hollyday  ( 1963)  and  are  valid  for  the  entire  lower 
Susquehanna  basin.  Data  for  Bloomsburg,  Mifflintown,  and  Rose  Hill  Formations  are  from  Johnston  (1970)  and  apply  to  the  lower  Juniata 
River  valley  only. ) 
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and  Snyder  Counties 

(Data  from  Pennsylvania  Geological  Survey,  1956) 


Table  28.  Public  Water  Supplies  Serving  Areas  of  the  Millerstown  Quadrangle 

(Data  from  Pennsylvania  Department  of  Commerce,  Division  of  Statistics,  Pennsylvania  Department  of  Forests  and  Waters,  and  U.S.  Geo- 
logical Survey,  Water  Resources  Division.  Population  data  and  consumption  figures  are  for  1967.) 


ENVIRONMENT.AL  GEOLOGY 


1 ^ ^ 
g c 3 

O O 1_ 

V o 

Tis 
> I ^ 


E 

3 


V 

i ^ 

CO 

CM 

1 CO 

'>0 

CM 

Ui 

CM 

CM 

CM 

CM 

lA  t/5 

^ ^ ^ 

^ o 

T3  g 

■M  "0 

O 

C — > 

C 3 U 
‘w  Q.  '3-' 
^ n ^ 

w g. 


u 


CM 

c 

o 


'a.  u 

D 

U5  JA 

H 13 


o 

o 

CC 


CC 


— 


CO 


O 


o 

lO 

CO 

CM 


b£  "O 
C ^ 

i:;!  “ 

o — 1 o 

t:  g-  CO  S 


15  ^ 

ci5 

u 

■c 

• — 

i' 

» o 

5 

0 CL 
n3 

U 

3 

Vi 

C 

CM 

■o 

CL 

V 

Vi 

3 

>s 

a 

be 

o 

Vi 

bjc 

C 

'u 

- V 

be  u 
C ^ 
13  'C  ir 

'tj 

CL  .S 

£ 

3 

Pi 

bc 

u 

3 

L/ 

o 

CL 

Vi 

CM 

CL  Cl  3 
be 

n s- 
U CL 

•L  ^ 

3 ^ 

O ^ 

tfl 

Vi 

u 

O 

o 

bj: 

U 

<u 

CO 

d 1 

Vi 

o 

be  ^ 
cd 

u — 

CL 

o 

£ 

'Z 

2 

— 

V 

r-  ^ ^ 

CO 

CM 


CO 

CM 


in  c 

o in 

CC 


n 

a 


lO 


o 

CO 

CO 


u 

cd 

c 

13 

d 

u 

(b 

-0 

> 

a 

-o 

c 

d 

(A 

3 

0 

s 

c/5 

C 

C 

CL 

“0 

C 

d 

<: 

u 

V 

Vi 

cr: 

c 

h 

u 

be 

c 

13 

C 

s 

o 

V 

u 

n 

c 

H 

V 

(b 

V 

u 

o 

V 

> 

(b 

CL 

a? 

a 

2 

c 

(b 

c 

0 

00 

2 

0 

u 

n 

< 

•L 

u 

m 

u 

2 

c: 

Vi 

U 

a 

g 

Q 

Vi 

u 

O 

2 

> 

n 

o 

CQ 

0 

> 

<t3 

p:) 

JO 

u 

5 

s 

o 

JO 

Lh 

0 

1 

Q 

Cl 


c 

3 

S 

(A 

bD 

C 


n 

a 

’C 

*c 

3 


cj 

o 


c 

>•  3 


0 

tn 

0 

-)-• 

u 

u 

-C 

V 

> 

> 

3 

< 

L* 

m 

PP 

o < _ 

5 h 


« >- 

§1 

CL  -C 

G 3 

9 < 


bD 

3 

O 

n ^ 

« u 

IS 

2 ■- 
Vi  i 

JJ  ^ 


191 


192 


MILLERSTOWN  QUADRANGLE 


Flood  Hazard 

As  with  all  areas  ot  sizable  annual  raintall  and  a well-developed  drain- 
age system,  some  danger  of  Hooding  exists.  However,  in  that  the  flood- 
plains  of  all  the  streams  and  rivers  are  relatively  narrow,  only  the  areas 
immediately  adjacent  to  the  streams  are  usually  subject  to  flooding. 
Floods  occur  on  the  lesser  streams  as  well  as  on  the  major  rivers,  and 
the  data  from  Cocolamus  Creek  (Table  29)  suggest  that  flooding  on  the 
tributaries  is  more  frequent  than  on  the  major  rivers  (Table  30). 

Fretjuency  of  flooding  varies  throughout  the  year,  being  greatest  dur- 
ing the  early  spring  months  (Figure  97)  when  the  combination  of  higher 
rainfall  and  melting  snow  increases  the  discharges  in  the  streams.  Winter 
thaws  also  contribute  to  flooding  during  the  winter  months,  especially  on 


Table  29.  Frequency  and  Magnitude  of  Flooding  on  Cocolamus 
Creek  in  Pfoutz  Valley,  Perry  County,  Pennsylvania 

(Data  from  Busch  and  Shaw,  1960) 

Location:  Lat.  40°33'55'',  long.  77°07'05",  on  right  bank  10  ft.  upstream  from  bridge 
on  Pa.  Route  17,  2.3  miles  northeast  of  Millerstown,  Perry  County,  and  3 miles  up- 
stream from  mouth. 

Drainage  area:  57.2  sq.  mi. 

Gage:  Recording  gage.  Datum  of  gage  is  425.50  ft.  above  mean  sea  level  (Pennsylvania 
State  Highway  benchmark). 

Stage-discharge  relation:  Defined  by  current-meter  measurements. 

Bankfull  stage:  5 ft. 

Remarks:  Base  for  partial-duration  series,  1,000  cfs  (U.S.  Geological  Survey  Gaging 
Station  5665). 

Date  of  records:  1930  through  1945. 

Number  of  floods  which  equalled 

Gage  height  Discharge  or  exceeded  this  level  during  this  Average  frequency 
(feet)  (cfs)  16-year  period  of  flooding 


8.5 

5,000 

none 

8.0 

4,500 

3 

5 years,  3 months 

7.7 

4,000 

5 

3 years,  2 months 

7.3 

3,500 

10 

1 year,  7 months 

7.0 

3,000 

15 

1 year,  1 month 

6.4 

2,500 

21 

9 months 

6.0 

2,000 

29 

7 months 

5.4 

1,500 

45 

4 months 

(bankfull  stage, 
4.5 

5.0  feet) 

1,000 

95 

2 months 

3.0 

500 

97 

2 months 
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the  tributaries.  Cocolamus  Creek  and  Mahantango  Creek  appear  to  be 
more  susceptible  to  Hooding  than  the  other  streams,  which  have  little  or 
no  floodplains.  Flood  hazard  along  the  Juniata  River  is  quite  restricted 
because  of  its  relatively  narrow  valley. 


Table  30.  Frequency  and  Magnitude  of  Flooding  on  the  Juniata 
River  at  Newport,  Pennsylvania 

(Data  from  Busch  and  Shaw,  1960) 

Location;  Lat.  40°28'45",  long.  77°07'45'',  on  right  bank  at  downstream  side  of  highway 
bridge  at  Newport,  Perry  County,  1,000  feet  upstream  from  Little  Buffalo  Creek. 

Drainage  area;  3,354  sq.  mi. 

Gage;  Nonrecording  gage  prior  tojuly  16,  1929;  recording  gage  thereafter.  Datum  of  gage 
is  363.93  ft.  above  mean  sea  level,  datum  of  1929. 

Stage-discharge  relation;  Defined  by  current-meter  measurements  below  100,000  cfs  and 
extended  above. 

Bankfull  stage;  22  ft. 

Remarks;  Base  for  partial-duration  series,  29,000  cfs.  Only  annual  peaks  are  shown  prior 
to  Oct.  1,  1913  (U.S.  Geological  Survey  Gaging  Station  5670). 

Date  of  records:  1899  through  1958. 


Number  of  floods  which  equalled 

Gage  height  Discharge  or  exceeded  this  level  during  this  Average  frequency 
(feet)  (cfs)  60-year  period  of  flooding 


36.0 

210,000 

none 

35. 1 

200,000 

1 

60  years 

34.2 

190,000 

2 

30  years 

33.0 

180,000 

2 

30  years 

31.9 

170,000 

2 

30  years 

30.8 

160,000 

2 

30  years 

29.7 

150,000 

2 

30  years 

28.6 

140,000 

2 

30  years 

27.5 

130,000 

2 

30  years 

26.4 

120,000 

2 

30  years 

25.3 

110,000 

3 

20  years 

24.2 

100,000 

5 

12  years 

22.0 

90,000 

6 (bankfull  stage) 

10  years 

20.6 

80,000 

7 

8 years,  7 months 

20.0 

70,000 

1 1 

5 years,  5 months 

16.9 

60,000 

15 

4 years 

15.9 

50,000 

33 

1 year,  10  months 

13.9 

40,000 

56 

1 year,  1 month 

12.5 

30,000 

94 

8 months 

9.7 

20,000 

104 

7 months 

6.9 

10,000 

105 

7 months 
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MILLERSTOWN  QUADRANGLE 


ENGINEERING  GEOLOGY 

Engineering  geology  is  the  application  of  geological  science  to  engi- 
neering practice  so  that  geological  factors  affecting  the  location,  design, 
construction,  operation,  and  maintenance  of  engineering  works  are  rec- 
ognized and  adequately  provided  for.  In  the  Millerstown  quadrangle, 
the  different  rock  types  exhibit  contrasting  properties  with  respect  to 
ground-water  potential,  foundation  stability,  slope  stability,  and  ease  of 
excavation.  In  Table  31,  each  of  the  rock  units  (formations)  is  evaluated 
in  terms  of  these  and  other  categories.  An  explanation  of  each  category 
and  the  ratings  is  given  at  the  end  of  this  section. 

In  general,  rocks  of  similar  lithology  will  exhibit  similar  properties. 
Sandstones  tend  to  resist  weathering  and  erosion  in  the  humid,  tem- 
perate climate  of  Pennsylvania  and  thus  disintegiate  only  gradually. 
Because  of  this,  they  are  difficult  to  excavate,  make  good  foundation  sup- 
port, and  possess  high  slope  stability.  On  the  other  hand,  shales  (partic- 
ularly the  calcareous  shales)  disintegrate  readily  and  thus  tend  to  be 
easily  excavated,  possess  low  slope  stability,  and  make  poorer  foundation 
support.  All  of  the  formations  have  been  categorized  into  five  groups 


Figure  97.  Monthly  distribution  of  flooding  on  Cocolamus  Creek 
and  the  Juniata  River.  Records  from  Cocolamus  Creek 
cover  the  years  1930  through  1945,  obtained  at  the 
gaging  station  east  of  Millerstown;  records  from  the 
Juniata  River  cover  the  years  1899  through  1958  and 
were  obtained  at  Newport.  Data  from  Busch  and  Shaw, 
1960. 
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depending  upon  these  engineering  jnopeities,  and  the  distribution  ol 
the  groups  is  illustrated  in  Plate  5. 

It  is  important  to  recogni/'e  that  tlie  properties  ot  a given  rock  can 
vary  greatly  with  depth  and  degree  ot  weathering.  Therelore,  the  geo- 
logic criteria  tor  judging  the  rock  units  vary  for  each  category.  For 
aquifer  potential,  the  criteria  refer  to  unweatheretl  rock  because  \ir- 
tually  all  water  wells  penetrate  bedrock. 

Few  of  the  rock  formations  possess  the  same  lithology  throughout. 
Many  consist  of  interbedded  sequences  of  two  ditferent  lithologies  (e.g., 
interbedded  siltstone  and  shale  ot  the  Frimmers  Rock  Formation,  seen  in 
Figure  38).  The  larger,  more  prominent  changes  ot  lithology  within  a 
formation  have  been  mapped  as  members  or  submendDers  (e.g.,  the  “iron 
sandstones”  of  the  Rose  Flill  Formation,  the  Center  and  Cabin  Flill 
Members),  but  smaller  interbedded  units  occur  throughout  the  strati- 
graphic section  (e.g.,  in  the  Irish  Valley  Member  ol  the  Catskill  Forma- 
tion). .Systematic  changes  in  lithology  also  occur  within  single  units,  such 
as  the  upward-coarsening  cycles  of  the  Mahantango  and  the  upward- 
fining  cycles  in  the  Catskill  Formation.  In  addition,  the  lithology  of  a 
unit  can  change  from  one  jtart  of  the  map  area  to  another  (e.g.,  the 
northward  fining  of  the  Mahantango). 

The  Categories  of  Rock  Characteristics 

Map  Synnbol  and  Formation  (or  Member)  Name 

The  map  symbols  and  formation  and  member  names  are  the  same  as 
used  on  the  geologic  map  (Plate  1)  and  the  tectonic-en\ ironmental  map 
(Plate  5).  These  symbols  relate  specific  localities  or  patterns  on  the  maps 
to  the  appropriate  rock  unit  in  I'able  31. 

Thickness 

\"alues  given  are  the  average  thickness  of  each  unit.  If  there  is  a con- 
siderable variation  in  thickness  across  the  map,  the  range  of  thicknesses 
is  also  given. 

Lithology 

I’he  predominant  lithic  type  or  types  are  listed,  with  the  understand- 
ing that  other  rock  types  may  be  present  in  subordinate  amounts.  For  a 
detailed  description  ol  a unit,  refer  to  Table  2 or  to  the  chapter  on 
stratigraphy. 

Weathering 

Weathering  is  the  chemical  and  mechanical  disintegration  ol  rock 
constituents  into  small  giains  or  Iragments.  Linder  the  humid,  temperate 
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climate  of  Pennsylvania,  chemical  weathering  (dissolving  or  leaching)  is 
restricted  chiefly  to  limestones  and  to  certain  calcite-cemented  detrital 
rocks.  These  rocks  tend  to  be  rapidly  leached,  develop  a deep  soil,  and 
occur  in  the  valley  bottoms.  All  of  the  other  rocks  undergo  physical  dis- 
integration (the  breaking  up  of  the  rocks  into  smaller  fragments  and  in- 
di\idual  mineral  grains).  The  silica-cemented  sandstones  undergo  the 
slowest  weathering,  develop  a thin,  houldery  soil,  and  underlie  the 
higher  ridges.  Shales  disintegrate  fairly  rapidly,  develop  a moderate 
amount  of  soil,  and  underlie  hill  slopes  and  valleys. 

The  depth  of  soil  is  related  both  to  rapidity  of  weathering  and  to 
topographic  location.  Low  soil  depths  (0  to  10  feet,  0 to  3 m)  tend  to 
occur  on  the  ridge  crests  and  adjacent  slopes.  Moderate  soil  depths  (10 
to  20  feet,  3 to  6 m)  tend  to  occur  at  the  base  of  the  ridges  and  in  the 
valley  floors.  Depths  greater  than  20  feet  (6  m)  are  restricted  to  the 
limestones. 

Fracturing  , 

Although  fractures  are  ubic|uitous  in  the  rocks,  the  nature  of  the  frac-  ' 
tures  varies  with  lithology.  Fractures  can  be  planar  or  irregular,  but  of 
greater  importance  to  w'eathering,  slope  stability,  and  excavation  is  the 
fracture  density,  or  number  of  fractures  per  foot.  A low  fracture  density 
indicates  a spacing  between  fractures  of  more  than  2 feet  (.7  m).  A mod- 
erate density  ranges  from  6 inches  to  2 feet  (.15  to  .7  m),  whereas  a high 
density  refers  to  a sjjacing  of  less  than  6 inches  (.15  m). 

The  disintegration  of  the  coarser  detrital  rocks  (siltstones  and  sand- 
stones) depends  largely  on  the  fracture  density,  but  the  shales  tend  to 
break  up  regardless  of  the  observable  fracture  spacing.  In  some  shales, 
as  the  Bloomsburg,  an  incipient  closely  spaced  fracture  cleavage  aids  in 
the  disintegration. 

Aquifer  Potential 

This  category  refers  to  the  average  ground-water-producing  capability 
of  each  unit.  These  data  are  based  predominantly  on  domestic  well  in- 
formation. Low  potential  means  the  average  well  yield  is  less  than  10 
gallons  per  minute  (gpm),  moderate  potential  is  10  to  20  gpm  average 
yield,  and  high  potential  refers  to  average  yields  in  excess  of  20  gpm. 
The  average  yield  of  wells  in  the  quadrangle  for  each  formation,  and 
the  range  of  yields,  are  presented  in  Figure  96.  The  units  with  the 
highest  yields  are  the  Trimmers  Rock  and  Tonoloway  Formations. 

Acjuifer  potential  for  a given  stratigraphic  unit  will  vary  depending 
on  the  topographic  and  structural  location  of  the  well  and  internal 
variations  in  porosity  and  permeability.  Aquifer  potentials  tend  to  be 
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most  favorable  in  topographically  low  areas  (e.g.,  in  valley  bottoms)  and 
least  favorable  in  topographically  high  positions  (e.g.,  ridge  tops),  as 
indicated  in  Table  24.  Acpiifer  yields  are  generally  greater  near  the  cen- 
ter of  synclines,  and  least  favorable  near  the  centers  of  anticlines.  Yields 
also  tend  to  be  greater  in  the  immediate  vicinity  of  tanks  (Plate  5). 

Slope  Stability 

The  stability  of  natural  and  artificial  slopes  depends  on  a mnniter  of 
factors,  such  as  weathering,  fracture  density,  and  the  fracture  or  bedding 
orientation.  Natural  slopes  are  for  the  most  part  fairly  stable,  moving 
only  by  slow  creep.  The  steepness  of  a natural  slope  is  a fair  indicator  of 
the  stability  of  the  underlying  rock;  the  rocks  underlying  the  steeper 
slopes  tend  to  have  higher  slope  stabilities.  However,  natural  slopes  can 
become  unstable  if  they  are  undercut  at  their  base,  or  if  they  are  exces- 
sively loaded  by  man-made  structures.  Of  particular  importance  to  slope 
stability  is  the  orientation  of  bedding  or  prominent  fractures.  If  either 
is  parallel  to  the  slope,  the  likelihood  of  slope  failure  (landslide,  accel- 
erated creep)  is  enhanced  if  the  slope  is  undercut  or  loaded. 

Slope  stability  also  varies  with  the  degree  of  w'eathering,  an  important 
consideration  in  creating  artificial  slopes.  The  less  weathered  rock  will 
maintain  a steeper  slope  than  the  weathered  rock.  Rate  of  weathering  is 
also  significant.  Steep  artificial  slopes  will  persist  lor  long  periods  of  time 
in  rocks  that  disintegrate  slowly,  whereas  slope  stability  will  be  much 
less  in  rocks  that  disintegrate  rapidly. 

The  criteria  in  Table  31  used  for  evaluating  slope  stability  are  onlv 
relative.  A low  slope  stability  rating  indicates  that  the  slope  would  be 
unstable  with  minor  undercutting  or  loading.  moderate  rating  refers 
to  slopes  that  can  sustain  some  undercutting  and  loading  with  little 
likelihood  of  movement.  High  stability  is  applied  to  those  rocks  which 
can  maintain  a steep  slope  indefinitely. 

Foundation  Stability 

Inasmuch  as  many  light  structures  are  built  on  soil  or  partially 
weathered  rock,  the  primary  concern  for  foundations  is  slope  stainhty. 
Heavier  structures  should  be  founded  on  bedrock.  The  bedrock  for  all 
units  has  high  foundation  stability  with  two  exceptions;  areas  ol  mod- 
erate to  steep  slope  on  units  which  weather  moderately  or  rapidly:  and 
limestone  areas,  which  may  contain  caves,  solution  cavities,  and  sink- 
holes (particularly  the  I'onoloway  limestone). 

The  ratings  of  the  units  (see  Table  31)  are  based  primarily  on  slope 
stability  and  depth  to  bedrock.  Areas  of  low  foundation  stability  would 
require  floating  foundations  or  foundations  on  bedrock  for  heavy  loatls. 
Areas  of  moderate  foundation  stability  might  require  piers  or  piles  lor 
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heavy  structures.  In  a high  foundation  stability  area,  conventional  foot- 
ings would  be  adequate. 

Ease  of  Excavation 

Ease  of  excavation  is  dependent  on  the  nature  of  the  rock,  depth  of 
weathering,  and  the  depth  to  which  excavation  is  carried.  Excavation  of 
most  units,  except  the  siliceous  sandstones  and  cjuartzites,  would  be  easy 
for  depths  to  5 or  10  feet  (1.5  to  3 m).  Difhculty  increases  with  increas- 
ing depth. 

Sandstone  and  limestone  bedrock  is  the  most  difficult  to  excavate,  re- 
quiring blasting  and  heavy  equipment.  However,  bedrock  would  not  be 
encountered  in  most  excavations  over  limestone  because  of  its  deep  soil. 
Shale  and  siltstone  bedrock  with  a high  fracture  density  would  be  easier 
to  excavate,  by  ripping  and  with  a power  shovel.  Only  the  partially  and 
completely  weathered  rocks  woidd  be  easily  removed  with  light  equip- 
ment. 

MINERAL  RESOURCES 

At  the  present  time,  the  mineral  extraction  industry  (quarrying  and 
mining)  in  the  Millerstown  quadrangle  is  restricted  to  the  production  of 
cm, shed  stone  for  local  use.  Mineral  commodities  which  have  been  pro- 
duced in  the  past  include  sedimentary  iron  ore,  clay  shale  for  brick 
manufacture,  agricultural  lime,  and  building  stone.  Other  potentially 
useful  minerals  which  occur  in  the  cjuadrangle  include  fluorite  and  wad 
(manganese  oxide),  but  these  have  not  been  found  in  commercial 
amounts.  Anthracite  coal  occurrences  are  restricted  to  a few  thin,  discon- 
tinuous, noncommercial  beds  (less  than  one  inch  thick)  in  the  Catskill 
and  Pocono  Formations.  There  is  a po.ssil)ility  of  future  petroleum 
production  in  the  area. 

The  principal  quarries  and  mines  are  listed  in  Table  32,  and  are 
located  on  the  tectonic  and  environmental  geology  map  (Plate  5). 

LIMESTONE 

Eimestone  from  the  basal  part  of  the  Keyset'  Formation  has  been  ex- 
tensively quarried  in  this  region  to  provide  agricultural  lime.  This  part 
of  the  Keyset'  is  particularly  suitable  because  of  its  high  purity  (more 
than  85  percent  calcium  carbonate,  less  than  10  percent  acid  insoluble 
residue),  which  the  other  limestones  do  itot  jtossess.  Miller  (1934)  lists 
altout  18  limestone  quarries  in  the  quadrangle,  some  of  them  dating 
from  colonial  times.  However,  with  the  recent  availability  of  commer- 
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Table  32.  Quarries  and  Mines  in  the  Millerstown  Quadrangle 


( l.ocations 

are  plotted  on  Plate 

5) 

Map 

no. 

Formation  or  member 

Location 

Status 

Product 

1 

Keefer  Fm.  (sandstone) 

Tuscarora  Mtn. 

abandoned 

iron  ore 

2 

Keefer  Fm.  (sandstone) 

Slaughterback  Hill 

abandoned 

iron  ore 

3 

Bloomsburg  Fm.  (claystone) 

Beavertown 

inactive 

clay 

4 

Bloomsburg  Fm.  (claystone) 

Beavertown 

inactive 

clay 

5 

Tonoloway  Fm. 

Kurtz  Valley 

abandoned 

limestone 

6 

Keyset  and  Tonoloway 

Lost  Creek  Ridge 

active 

limestone 

7 

Keyset  Fm. 

Pfoutz  Valley 

abandoned 

limestone 

8 

Keyset  Fm. 

Pfoutz  Valley 

abandoned 

limestone 

9 

Keyset  Fm. 

Pfoutz  Valley 

inactive 

limestone 

10 

Keyset  Fm. 

Little  Pfoutz  Valley 

abandoned 

limestone 

11 

Keyset  Fm. 

Raccoon  Creek 

inactive 

limestone 

12 

Keyset  Fm. 

Valley 

Delaware  Ck. 

abandoned 

limestone 

13 

Keyset  Fm. 

Valley 

Delaware  Ck. 

abandoned 

limestone 

14 

Keyset  Fm. 

Valley 

Potato  Valley 

inactive 

limestone 

15 

Keyset  Fm. 

Lime  Ridge 

inactive 

limestone 

16 

Keyset  Fm. 

Lime  Ridge 

inactive 

limestone 

17 

Keyset  Fm. 

Lime  Ridge 

inactive 

limestone 

18 

Keyset  Fm. 

Firestone  Ridge 

abandoned 

limestone 

19 

Old  Port  Fm.  (chert) 

Lock  Ridge 

inactive 

crushed  stone 

20 

Old  Port  Fm.  (chert) 

White  Oak  Hollow 

inactive 

crushed  stone 

21 

Old  Port  Fm.  (chert) 

Delaware  Creek 

inactive 

crushed  stone 

22 

Old  Port  Fm.  (chert) 

Valley 

Kurtz  Valley 

inactive 

crushed  stone 

23 

Old  Port  Fm.  (chert) 

Firestone  Ridge 

active 

crushed  stone 

24 

Old  Port  Fm.  (chert) 

Firestone  Ridge 

inactive 

crushed  stone 

25 

Marcellus  Fm.  (shale) 

Wardville 

abandoned 

crushed  stone 

26 

Marcellus  Fm.  (shale) 

Thompsontown 

active 

crushed  stone 

27 

Fisher  Ridge  Mbr., 

Donnally  Mills 

abandoned 

crushed  stone 

28 

Mahantango  Fm. 

Fisher  Ridge  Member  (shale) 

Goodvillc 

inactive 

crushed  stone 

29 

Montebello  Member, 

Lock  Ridge 

abandoned 

building  stone 

30 

Mahantango  Fm.  ( sandstone ) 
Montebello  Member 

Wildcat  Ridge 

abandoned 

building  stone 

31 

(sandstone) 

Sherman  Ridge  Member, 

Raccoon  Ridge 

active 

crushed  stone 

32 

Mahantango  Fm. 

Sherman  Ridge  Mbr. 

Dimmsville 

active 

crushetl  stone 

33 

( claystone ) 

Sherman  Ridge  Mbr. 

Seven  Stars 

active 

crushed  stone 

( claystone ) 
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Table  32.  (Continued) 


(Locations  are  plotted  on  Plate  5) 


Map 

no. 

Formation  or  member 

Location 

Status 

Product 

34 

Sherman  Ridge  Mbr. 
(claystone) 

Kellerville 

active 

crushed  stone 

35 

Sherman  Ridge  Mbr. 
(claystone) 

Black  Dog  Valley 

active 

crushed  stone 

36 

Sherman  Ridge  Mbr. 
(claystone) 

Forrey  Ridge 

active 

crushed  stone 

37 

Sherman  Ridge  Mbr.  (shale) 

Forrey  Ridge 

inactive 

crushed  stone 

38 

Sherman  Ridge  Mbr.  (shale) 

Buckwheat  Valley 

inactive 

crushed  stone 

39 

Sherman  Ridge  Mbr.  (shale) 

Buckwheat  Valley 

inactive 

crushed  stone 

40 

Trimmers  Rock-Harrell  Fm. 
(shale) 

Perry  Valley 

abandoned 

crushed  stone 

41 

Trimmers  Rock-Flarrell  Fm. 
(shale ) 

Seven  Stars 

abandoned 

crushed  stone 

42 

Trimmers  Rock-Harrell  Fm. 
(shale) 

Knousetown 

inactive 

crushed  stone 

43 

Trimmers  Rock-Harrell  Fm. 
(shale) 

East  Salem 

inactive 

crushed  stone 

44 

Trimmers  Rock-Harrell 
(shale ) 

Buckwheat  Run 

abandoned 

crushed  stone 

45 

Trimmers  Rock-Harrell 
(siltstone) 

Black  Dog  Valley 

abandoned 

crushed  stone 

46 

ish  Valley  Member, 

Catskill  Fm. 

Perry  Valley 

abandoned 

crushed  stone 

47 

IrSherman  Creek  Mbr., 

Catskill  Fm.  (silty  claystone ) 

Oliver  Twp. 

inactive 

crushed  stone 

cially  produced  lime,  these  private  quarries  have  been  abandoned. 
Small  amounts  of  limestone  have  also  been  used  as  building  stone. 

One  quarry  (the  Juniata  Limestone  Company  quarry  on  Lost  Creek 
Ridge,  Fayette  Township,  Juniata  County),  continues  to  operate,  pro- 
ducing crushed  stone  for  road  construction,  concrete  aggregate,  and 
macadam.  The  beds  extracted  from  this  cjuarry  (from  the  upper  Tono- 
loway  and  lower  Keyser)  are  described  in  Appendix  I,  locality  2 (Figures 
18  and  19).  A chemical  analysis  of  a composite  sample  is  given  in  Appen- 
dix If,  which  indicates  an  average  calcium  carbonate  content  of  85.55 
percent,  and  a magnesium  carbonate  content  of  0.29  percent. 

CRUSHED  STONE 

Many  of  the  roads  in  the  cjuadrangle  are  light-duty  “gravel”  roads  and 
several  small  quarries  have  been  developed  to  supply  material  for  their 


MINERAL.  RESOrRCE,S 


205 


maintenance.  I'liese  quarries  are  usually  tlevelopcd  in  weathered  or  ]rar- 
tially  weathered  exposures  (borrow  pits)  which  can  be  easily  worked 
with  light  equipment,  and  provide  a gravel-si/e  material  without  crush- 
ing or  other  processing.  I he  Sherman  Ridge  Member  of  the  Mahantango 
Formation  is  currently  the  principal  unit  being  utili/ed,  as  at  Kellerville. 
Ma  terial  has  also  been  taken  from  numerous,  small  borrow  pits  in  the 
Fisher  Ridge  Member  ot  the  .Mahantango  Formation,  the  .Marcel! tis 
Formation,  the  chert  beds  of  the  Old  Port  Formation,  the  Trimmers 
Rock  Formation,  and  the  Sherman  Creek  Member  of  the  Catskill  Forma- 
tion. The  siltstones  and  silty  shales  of  these  units  pack  well  on  the  roads, 
drain  well,  and  have  a good  resistance  to  washing  out.  None  of  the  expo- 
sures are  worked  continuously,  although  a few  are  frequently  reactivated 
(Figures  28  and  33). 

A considerable  amount  ol  siltstone  from  the  Trimmers  Rock  Forma- 
tion is  tised  on  major  highway  construction  projects  in  this  area,  most  of 
it  coming  from  a (piarry  at  Newport  (New  Bloomfield  cpiadrangle). 
There  are  several  localities  in  the  .Millerstown  quadrangle  where  this 
unit  is  well  exposed  and  sufficiently  thick,  the  lithology  ttniform,  and  the 
overburden  thin  enough  that  (juarrying  operations  might  Ire  established 
in  the  future  if  there  is  a sufficient  demand  tor  this  material. 

CLAY  SHALE 

.\lthough  only  one  quarry  has  been  developed  in  the  quadrangle  to 
extract  shale  for  ceramic  purposes  (The  Glen-Cery  Corporation  qtiarry 
in  the  Bloomsburg  Formation  south  of  Beavertown),  the  large  amounts 
of  shale  jiresent  warranted  an  investigation  of  their  potential  ceramic 
uses.  Thirteen  samples  were  collected  from  seven  stratigrajihic  hori/ons 
and  tested  by  the  U.S.  Bureau  of  Mines  for  relractory  jiroperties  (I’able 
33  and  .Appendix  111).  Three  of  the  samples  exhibited  particular  poten- 
tial and  were  tested  further. 

The  most  promising  unit  is  the  Sherman  Ridge  Member  of  the 
Mahantango  Formation,  for  which  testing  indicates  an  excellent  |joten- 
tial  as  an  expanded  lightweight  aggregate,  as  the  sole  component  in  most 
structural  clay  products  (incltiding  sewer  pi]ie),  and  as  lace  brick  and  in 
the  domestic  stoneware  industry.  T he  lower  125  feet  (38  m)  of  the  Fisher 
Ridge  .Member  of  the  .Mahantango  Formation  was  rated  good  for  ex- 
panded lightweight  aggregate,  and  cotild  probably  be  used  as  a compo- 
nent in  most  structural  clay  products  (including  sewer  pipe),  d’he  lower 
shaly  member  of  the  Rose  Hill  Formation  is  consideicd  lair  material  tor 
expanded  lightweight  aggregate,  and  could  probably  be  used  as  the  sole 
component  in  most  structural  clay  products  (including  sewer  pipe). 
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MILLERSTOWN  QUADRANGLE 


BUILDING  STONE 

Stone  buildings,  many  of  them  dating  from  the  19th  century,  are  a 
common  sight  in  the  Millerstown  quadrangle,  particularly  in  Millers- 
town,  Richheld,  and  Mount  Pleasant  Mills.  The  principal  rock  utilized 
for  building  construction  is  quartzite  from  the  Ttiscarora  and  Keefer 
Formations.  Quarries  have  also  been  developed  in  the  Montebello  Mem- 
ber of  the  Mahantango  Formation  on  Wildcat  Ridge  and  Lock  Ridge. 
In  a few  instances,  limestone  (apparently  from  the  Tonoloway  and  Key- 
set' Formations)  has  also  been  used  as  building  stone.  These  rocks  make 
very  attractive  and  durable  structures,  and  would  be  fairly  inexpensive 
to  obtain.  Large  areas  on  the  slopes  of  Tuscarora  and  Shade  Mountains 
are  covered  with  quartzite  boulders  from  the  Tuscarora  Formation.  The 
rectilinear  fracture  pattern  common  in  these  quartzites  enables  the 
boulders  to  be  tised  with  a minimum  of  shaping.  Thus  production  would 
involve  primarily  transporting  the  material  from  the  slopes  to  the 
construction  sites. 

The  utilization  of  ljuilding  stone,  and  descriptions  of  several  stone 
buildings  in  Juniata,  Perry,  and  Snyder  Counties,  is  discussed  by  Stone 
(1932). 

QUARTZITE 

The  high-silica  content  of  the  quartzite  beds  in  the  Tuscarora  Forma- 
tion (93  percent,  Appendix  II)  indicates  that  the  quartzite  has  applica- 
tion in  processes  where  high-silica  material  is  required,  as  in  the  manu- 
facture of  silica  brick.  Currently,  silica  bricks  are  being  produced  from 
the  Tuscarora  Formation  at  Hawstone,  northwest  of  Mifflintown.  The 
Tuscarora  quartzite  is  also  suitable  for  use  as  railroad  ballast,  and  was 
produced  for  this  purpose  at  Millerstown  during  the  construction  of  the 
Pennsylvania  Railroad  along  the  Jtmiata  River  (Claypole,  1885). 


IRON  ORE 

Considerable  extraction  of  sedimentary  iron  ore  from  the  thin  (12  to 
14  inches,  37  to  43  cm)  Sand-vein  Ore  Bed  of  the  Keefer  Formation  in 
the  Millerstown  area  developed  after  the  Civil  War,  although  the  first 
mine  (which  supplied  the  Juniata  Furnace)  opened  as  early  as  1844 
(Claypole,  1885).  The  mines  were  located  on  Slaughterback  Hill  and 
Tuscarora  Mountain  near  Millerstown,  and  on  the  flanks  of  Shade  Moun- 
tain. The  ore  contains  as  much  as  55  percent  metallic  iron  (McCreath, 
1881).  It  was  shipped  to  Harrisburg,  Reading,  Dry  Valley  (Northumber- 
land County),  and  via  the  Juniata  Canal  to  Pittsburgh.  This  industry 
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ieclined  rapidly  alter  the  1880's,  principally  because  ol  competition 
from  the  newly  discovered  sources  on  the  upper  Great  Lakes,  and  the 
destruction  ol  the  Juniata  Canal  by  Hooding. 

By  far  the  thickest  and  most  jrlentilul  iron  occurs  in  the  Center  Mem- 
ber of  the  Rose  Hill  Formation.  Swartz  and  Hambleton  (1958)  have  esti- 
mated that  more  thair  100  million  tons  of  iron  sandstone  is  present  in 
this  unit  within  50  feet  (15  in)  ol  the  surlace  in  Perry  Count}  alone.  But 
its  low  iron  concentration  (9  to  15  percent)  has  thus  lar  precluded  ex- 
tensive development  of  the  ore.  The  total  iron  content  in  samples  Ironi 
the  Center  Member  at  Millerstown  is  8.19  percent  and  from  the  Cabin 
Hill  Member,  10.43  percent.  (Total  iron  content  was  calculated  Irom 
iron  oxide  content  given  in  .Appendix  II.)  The  Cabin  Hill  Member  is 
12.5  feet  (4  m)  thick  and  the  Center  Memlrer  is  79  feet  (24  in)  thick  at 
Millerstown. 

Other  ferruginous  horizons  in  the  quadrangle,  none  of  which  are  as 
rich  as  the  Sand-vein  Ore  Bed  (but  some  of  which  have  been  mined  in  the 
past)  are  the  Boyer-block  and  Shot-block  ores  in  the  Rose  Hill  Formation 
(Figure  8),  a concretionary  limonite  Iretl  near  the  base  of  the  Marcellus 
shale,  a lossiliferous  hematite  bed  near  the  top  of  the  Montebello  sand- 
stone, thin,  discontinuous,  poor  quality  ferruginous  zones  in  the  Ridgeley 
sandstone  of  the  Old  Port  Formation,  and  a four-inch  (12-cm)  seam  of 
red  specular  hematite  in  the  Catskill  Formation  (Claypole,  1885). 

Descriptions  of  ferruginous  sandstone  units  cropping  out  in  the  Millers- 
town quadrangle  are  contained  in  recent  reports  by  Hunter  (1960)  and 
Luttrell  (1968). 

MISCELLANEOUS  MINOR  MINERAL  OCCURRENCES 

M inor  amounts  of  fluorite  (a  colorless  to  deep  purple  calcium  fluoride) 
have  been  found  in  veins  of  white  calcite  in  the  Tonoloway  and  Keyser 
Formations  exposed  in  the  Juniata  Limestone  Company  cjuarry  on  Lost 
Creek  Ridge  just  north  of  East  Salem. 

Wad  (a  mixture  ol  several  manganese  oxide  minerals)  is  idricpiitous  as 
a thin  film  on  fracture  surfaces  in  the  Sherman  Ridge  Member  of  the 
Mahantango  Formation.  Samples  from  the  irorrow  pit  at  Kellerville  con- 
tain a maximum  MnO  content  of  0.12  percent  (wliole  rock.  Appendix 
If).  The  mineralogy  and  distribution  of  wad  and  other  manganese  min- 
erals in  Pennsylvania  has  been  descrilted  by  Foose  (1945). 

4 he  Ridgeley  sandstone  of  the  Old  Port  Formation  is  (piarried  exten- 
sively for  use  as  a glass  sand  in  the  Juniata  River  valley  west  of  Lewis- 
town,  15  miles  (24  km)  west  of  the  Millerstown  (|uadrangle.  Although 
the  Ridgeley  is  present  in  the  quadrangle,  it  is  thin  and  discontinuous 
and  thus  not  particularly  suitable  lor  exploitation. 
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Uranium  minerals  have  been  reported  from  Precambrian,  Devonian, 
Mississippian,  and  Triassic  rocks  in  the  central  and  northeastern  parts 
of  Pennsylvania  (McCauley,  1961).  The  nearest  reported  uranium  occur- 
rences are  in  the  Catskill  Formation  near  Herndon  (Millersburg  quad- 
rangle), and  in  the  Catskill  and  Mauch  Chunk  Formations  in  Hunting- 
don County.  The  uranium  minerals  in  the  Catskill  Formation  occur  as 
thin  seams  or  lenses  in  gray  to  greenish-gray  sandstones,  and  are  usually  [ 
associated  with  plant  material  and  secondary  copper  minerals  such  as 
malachite  and  azurite.  The  radioactive  minerals  in  the  Mauch  Chunk 
Formation  occur  in  lenses  of  giay  sandstone,  siltstone,  and  claystone  en- 
closed in  red  shale.  A brief  reconnaissance  of  similar  rocks  in  these  for- 
mations in  the  Millerstown  quadrangle  failed  to  detect  any  radioactivity 
greater  than  the  normal  background  readings. 

OIL  AND  GAS  POTENTIAL 

Oil  and  natural  gas  have  been  produced  commercially  in  Pennsylvania 
since  the  drilling  of  the  historic  Drake  well  at  Titusville  in  1859.  Most 
of  this  production  has  come  from  Upper  Devonian  sandstones  and  Lower 
Devonian  Oriskany  (Ridgeley)  sandstone  in  the  Allegheny  Plateau  north- 
west of  the  Valley  and  Ridge  province.  No  oil  production  has  yet  been 
developed  in  the  Valley  and  Ridge  province  itself.  The  nearest  gas  pro- 
duction in  the  Valley  and  Ridge  occurs  in  the  Artemus,  Five  Forks,  and 
Purcell  fields  in  Bedford  County  (75  miles,  120  km  southwest  of  Millers- 
town) from  faulted  anticlinal  reservoirs  in  the  Ridgeley  sandstone. 
Altliough  a structural  similarity  exists  between  Bedford  County  and  the 
Millerstown  quadrangle,  production  from  either  the  Upper  Devonian 
sandstones  or  the  Ridgeley  is  not  likely  in  the  quadrangle.  The  Upper 
Devonian  is  generally  preserved  only  in  the  synclinal  hinges  in  the  Mil- 
lerstown quadrangle,  and  appears  to  be  devoid  of  both  oil  and  gas.  The 
Ridgeley  sandstone  is  thin  and  discontinuous  in  this  area,  although  zones 
of  excellent  porosity  are  locally  pre.sent. 

{iidging  from  the  wide  stratigraphic  range  of  oil  and  gas  shows  re- 
ported in  four  of  the  seven  deep  wells  drilled  in  the  vicinity  of  the  quad- 
rangle (Figures  98  and  99),  more  likely  sources  of  oil  or  gas  apjrear  to  be 
lower  in  the  stratigraphic  column.  Gas  shows  were  logged  in  the  Silurian/ 
Devonian  Keyser  limestone,  the  Silurian  Bloomsburg  Formation,  the 
Ordovician  Martinsburg,  Trenton,  Black  River,  and  Beekmantown  For- 
mations, and  the  Cambrian  Gatesburg  dolomite.  Oil  shows  were  reported 
in  two  of  these  wells,  producing  from  the  Keyser  limestone  and  the  Ordo- 
vician Juniata  and  Bald  Eagle  Formations.  The  petroleum  occurrences 
in  the  Ordovician  formations  are  particularly  interesting,  since  there  has 
been  no  production  from  Ordovician  rocks  in  Pennsylvania  up  to  the 
present  time. 
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Figure  98.  Location  of  exploratory  wells  in  the  vicinity  of  the 
Millerstown  quadrangle.  Pertinent  data  for  these  wells 
are  presented  in  the  Penetration  Chart,  Figure  99. 


The  oil  and  gas  shows  encountered  in  the  Cabot  #1  Solomon  and  tlie 
Shell  #1  Shade  Mountain  Unit  (wells  1553  and  4066,  Figures  98  and  99), 
which  were  drilled  on  the  hinges  of  major  anticlines,  suggest  that  anti- 
clinal accumulations  of  petroleum  might  occur  in  the  Cambrian  or 
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Figure  99.  Penetration  Chart,  showing  the  stratigraphic  section 
penetrated  by  exploratory  wells  drilled  in  the  vicinity 
of  the  Millerstown  quadrangle  through  June  1974,  and 
the  location  of  oil  and  gas  shows  and  porosity  zones. 
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Ordovician  formations  beneath  Shade  and  I nscarora  Mountains.  How- 
ever, the  faidting  reported  in  the  Shell  well,  as  well  as  regional  struc- 
tural studies  (e.g.,  Gwinn,  19()4a,  Rodgers,  1963),  indicate  that  the  struc- 
ture may  be  dillerent  and  more  complex  at  deptli  than  at  the  surlace. 

'I  here  has  been  no  drilling  tor  oil  and  gas  in  the  Millerstown  cjuad- 
rangle  to  date,  and  no  surface  occurrences  of  petroleum  have  been 
reported. 
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APPENDIX  I.  STRATIGRAPHIC  SECTIONS 

TERMS 

Terminology  tor  bedding  thickness  used  in  this  report  was  adapted 
from  McKee  and  Weir  (1953)  and  Ingram  (1954)  with  modifications.  Beds 
designated  very  thin  are  less  than  one  centimeter  thick,  thin  beds  range 
from  one  centimeter  to  two  inches  thick,  medium  beds  ranges  from  two 
inches  to  two  feet  thick,  thick  beds  are  from  two  to  four  feet  thick,  and 
very  thick  beds  are  more  than  four  feet  thick.  The  term  Hat  bedding 
refers  to  bedding  surfaces  which  are  essentially  jiarallel  and  planar,  i.e., 
not  obviously  crossbedded.  The  term  tight  is  used  to  describe  a rock 
which  has  a firm,  compact  texture  and  is  essentially  impermeable  ((buy 
and  others,  1972). 

The  term  cjuartzite  is  used  to  describe  sandstones  (and  in  some  in- 
stances siltstones)  which  are  tightly  cemented  with  silica,  very  tough  and 
resistant,  and  break  with  an  irregular  fracture. 

LOCALITY  I.  MILLERSTOWN  SILURIAN  SECTION 

I’he  Millerstown  Silurian  section  was  measured  along  the  northbound 
lane  of  U.S.  Route  22-322  in  Millerstown  Borough  and  Greenwood 
Township,  Perry  County,  and  in  Delaware  4'ownship,  Juniata  County 
(Figure  100).  The  base  of  the  section  is  1.0  mile  (1.7  km)  northwest  ot 
the  center  of  Millerstown  in  the  lowest  strata  exposed  on  the  crest  of  the 
Tuscarora  Mountain  anticline  (Millerstown  71/2-minute  cjuadrangle). 
This  point  is  approximately  100  feet  (30  m)  east  of  77°  10'  west  longitude 
and  7,100  feet  (2,164  m)  north  of  40°32'30"  north  latitude.  The  top  ot 
the  .section  is  in  the  highest  exposure  ot  the  Bloomsburg  F’ormation  0.5 
mile  southeast  ot  the  junction  ot  the  Little  Pfoutz  Valley  highway  with 
U.S.  Route  22-322,  at  a point  8,400  feet  (2,560  m)  west  of  77°  10'  west 
longitude  and  9,000  feet  (2,743  m)  north  of  40°32'30".  Thickness  of  units 
and  proportions  of  intervals  covered  are  summarized  in  Table  34. 

1 his  section  is  a composite  of  four  segments  measured  in  the  four 
prominent  roadcuts  on  the  northeast  side  of  U.S.  Route  22-322  between 
Millerstown  and  Little  Pfotitz  Valley,  as  shown  on  the  location  map. 

The  strata  exposed  in  the  Millerstown  Silurian  section  include  the 
upper  half  of  the  Tuscarora  Formation,  the  Rose  Hill,  Keefer,  and 
MiHlintown  Formations,  and  the  lower  23  feet  (7  m)  of  the  Bloomsburg 
Formation.  The  portion  of  the  Tuscarora  Formation  present  in  the 
measured  section  is  96  percent  exposed.  The  Rose  Hill  Formation  is  58 
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percent  exposed,  the  covered  intervals  occurring  exclusively  in  the  lower 
and  middle  shaly  members.  The  section  above  the  Rose  Hill  Formation 
is  100  percent  exposed.  See  Figures  4 through  14. 

The  Millerstown  Silurian  section  lies  on  the  crest  and  north  limb  of 
Tuscarora  Mountain  anticline,  and  the  section  crosses  the  structure  at  an 
angle  of  about  40°  from  the  trend  of  the  axis  of  the  fold.  Dips  increase 
from  less  than  5°  at  the  base  of  the  section  to  30°  at  the  top. 

The  section  was  measured  from  the  bottom  to  the  top,  and  can  be  re- 
traced in  the  following  manner  (see  Figure  100).  Beginning  at  the  point 
on  the  crest  of  the  structure  mentioned  above,  the  section  offsets  to  the 
northwest  eleven  times  in  the  Tuscarora  Formation,  then  climbs  the  bed 
of  a small  intermittent  stream  on  the  southwest  side  of  Slaughterback 
Hill  to  the  point  where  the  wooded  area  begins.  Then  the  section  may 
be  traced  northwest  across  the  face  of  a broad,  steep  slope,  offsetting  on 
key  beds  wherever  necessary.  (This  portion  of  the  section  was  measured 
and  sampled  during  the  construction  of  the  northbound  lanes  of  U.S. 
Route  22-322,  from  a temporary  terrace  which  has  since  been  removed.) 
The  base  of  the  Rose  Hill  Formation  is  seven  feet  below  the  base  of  the 
lower  of  two  fairly  prominent  greenish-gray  sandstone  ledges,  and  can  be 
seen  opposite  power  pole  #98469,  which  is  approximately  260  feet  south- 
east of  the  post  marking  the  Juniata/ Perry  County  line.  From  this  point 
the  section  extends  upward  to  the  top  of  unit  41,  the  (stratigraphically) 
highest  exposure  in  this  cut. 

The  second  segment  begins  0.3  mile  northwest  of  the  county  line,  at  a 
culvert  marked  428.43,  and  may  be  followed  up  the  slope  to  the  point  of 
the  second  promontory  (from  the  west)  on  the  prominent  sandstone 
ledge  of  the  Cabin  Hill  Member. 

The  top  of  tltis  member  is  used  to  offset  across  the  small  tributary 
valley  to  the  west.  The  third  portion  of  the  section  begins  on  top  of  the 
Cabin  Hill  Member  at  a point  160  feet  east  of  the  first  culvert  west  of 
the  tributary  stream  mentioned  above  and  may  be  traced  upwards,  with 
several  short  offsets  on  appropriate  beds,  to  the  highest  exposures  on  the 
hill.  The  top  of  this  segment  is  two  feet  above  the  base  of  a prominent 
tall  pine  tree  in  a clearing  30  feet  below  the  top  of  the  hill. 

The  last  segment  of  the  Millerstown  Silurian  section  begins  in  the 
middle  shaly  member  of  the  Rose  Hill  Formation,  at  a point  95  feet 
southeast  of  the  southernmost  culvert  in  the  next  roadcut  to  the  west. 
The  section  is  uninterrupted  above  this  point. 

I'his  section  is  intended  as  a reference  section  for  these  formations. 
The  lithologic  units  are  numbered  consecutively  beginning  at  the  base 
of  each  formation  and  are  herein  described  in  descending  order. 
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Figure  100.  Location  map,  Millerstown  Silurian  section. 
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Bloornsburg  1- ormalion  (23.0  feet  (7  ni)— partial) 


Unit 

141  Covered.  There  is  approximately  465  feet  (141  m)  of  Bloornsburg 
Formation  present  above  the  highest  exposure  at  this  locality,  bast'd 
on  isopach  data  from  Hoskins  (1961,  pi.  8).  See  l-igure  I). 

140  Shale,  yellow-gray  to  dusky-yellow,  mottled  with  grayish  red  (55  8/1, 
5Y6/4,  and  5R4/2),  very  hnely  silty,  waxy,  locally  hematitic,  hrcally 
calcareous,  soft  anti  moderately  fissile.  .Approximately  30  percent 
iiUerbetldetl  sandstone,  similar  to  that  in  unit  139, 

139  Sandstone,  grayish-red  (5R4/2),  piedominantly  ver\  fine  grained, 

siltv,  locallv  fine  grainetl,  poorly  sortetl,  argillaceous,  noncalcareous, 
slightlv  friable,  hematitic,  locally  slightlv  limonitic,  medium-  and 
thin-bedded,  locally  slightly  porous. 

138  Sandstone,  grayisli-retl,  localh  grayish  brown  on  joint  surfaces 

(5R4/2  anti  5A  R3/2).  verv  fine  grained,  silty,  noncalcareous.  hema- 
titic, slightlv  limonitic,  slightlv  siliceous,  medium-bedded,  planar- 
beddetl,  hard  atul  tight. 

137  Sandstone,  grayish-red  (5R1/2  to  lORl/2),  predominantly  very  fine 
grained,  locally  fine  grained  to  silty,  argillaceous,  hematitic.  non- 
calcareons,  medium-  anti  thin-l)edded,  planar-betlded.  medinm-hard 
to  slightly  friable. 

136  Sandstone,  grayish-brown  to  dai k-gra\ ish-ied  (55  R3/2  to  5R3/2), 
very  fine  grained  and  silty,  slighth  siliceous,  hematitic,  medium-  to 
thin-  bedded,  planar-bedded,  hard,  blotkv  fracture. 

135  Sandstone,  gravish-red  (5R4/2  and  5R2/2),  locally  blackish  red, 
fine-  and  \erv  fine  grainetl,  locally  argillaceous  and  silty,  hematitic, 
noncalcareous,  medium-bedded,  inegularlv  flat  bedtled,  mediitm- 
hartl  to  slightly  friable,  locallv  slightlv  porous. 

MifflitUown  Formation  (159  feet  (48  ni)— complete) 

134  Shale,  light-olive-grav  to  medium-olive-brown  (556/ 1 to  55'4/4), 

gcnerallv  slightlv  calcareous  in  lower  half,  slightly  silty,  becoming 
siltv  to  verv  finelv  sandy  and  nontaltareous  in  upper  half,  subwaxy, 
moderatelv  fissile,  with  occasional  burrows  and  poorlv  preservetl 
brachioptKl  shells. 

133  Shale,  medium-gray  and  meditim-dark-gray  (X5  and  N4),  cal- 

careous, finely  siltv,  poor  to  fair  fissility,  weathers  light  blown. 
Interbedded  limestotie.  medinm-giav  (\5).  fine-  to  medium-grained, 
bioclastic,  siltv.  pyritic,  in  3-inch  fieds  in  lower  foot  and  at  top, 
with  local  intrafortnational  limestone  breccia,  and  siltstone,  light- 
gray,  verv  calcareous,  fossiliferous,  pyritic,  hard  and  tight,  3-inch 
bed  2 feet  below  top. 

132  l.imestone.  medium-gray  and  medium-light-grav  (N5  and  X6).  fine 
to  coarse  fragmental,  locallv  oolitic,  fo.ssiliferous,  hard  and  tight,  2 
to  6 inches  thick:  has  local  intrafoniiational  limestone  conglomerate. 
Interbedded  shale,  medinm-grav  (X5),  calcareous,  siltv.  poorlv  fissile. 

131  Shale,  medinm-light-gi ay  (X6),  finely  siltv,  locallv  calcareous,  fairlv 
fissile,  dull  to  subwaxy  luster,  with  interbedded  limestone,  medium- 
light-gray  (X6),  \ery  fine  giained,  bioclastic,  locallv  argillaceous 
and  siltv,  slightly  pvritic.  l.imestone  comprises  30  percent  of  unit. 
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Unit 

130  Shale,  medium-light-giay  (N6),  finely  silty,  locally  calcareous,  fairly 
fissile.  See  figure  J-f. 

129  Limestone,  inedium-dark-gray  to  dark-gray  (N4  to  N3),  microcrystal- 
line,  locally  pyritic,  locally  very  silty,  medium-bedded,  with  occa- 
sional oolites.  Interbeddcd  shale,  dark -gray  (N3),  calcareous,  slightly 
pyritic,  silty,  fair  to  poor  fissility  (30  percent  of  unit). 

128  Shale,  dark-gray  (N3),  calcareous,  silty,  with  occasional  siltstone 
laminae,  and  interbedded  limestone,  medium-gray  and  light-olive- 
gray  (N,5  and  5Y6/1),  \ery  siltv,  fine-  to  medium-giaiued,  bioclastic, 
thin-bedded,  planar-bedded,  locally  grading  to  calcareous  siltstone. 
I 'nit  is  approximately  .50  percent  shale. 

127  l.imestonc,  dark-giay,  weathers  light  olive  gray  (55'6/l),  microcrys- 
talline and  very  fine  grained,  clastic,  silty,  locally  argillaceous,  with 
trace  of  finelv  disseminated  pyrite,  occasional  oolites  and  fossilifer- 
ous  zones.  Irregularly  medium  bedded,  with  less  than  10  percent 
interbedded  shale,  olive-black  (5Y2/1),  weathers  light  olive  gray 
(5Y6/1),  soft,  lairh  fissile,  noticalcarcous. 

126  Limestone,  dark-gray  (N3),  weathers  olive  gray  (5Y4/1),  very  fine 
grained,  clastic,  locally  bioclastic,  silty,  hard  and  tight,  with  10  per- 
cent interbedded  shale,  light-olive-gray  (5Y6/1),  waxy,  noncalcare- 
ous,  in  very  thin  (<  1 cm  thick)  beds  between  limestone  layers. 
Microfossil  zone  at  top. 

125  Limestone,  dark-gray  (N3),  weathers  light  olive  gray  (5Y6/1),  fme- 
to  very  fine  giained,  bioclastic,  slightly  oolitic,  locally  coarse  to 
medium  crystalline,  hard  and  tight.  Underlain  by  3-inch  bed  of 
soft  moderate-brown  calcareous  clay.  Top  3 inches  of  unit  is  shale, 
light-olive-gray  (55'6/l),  silty,  subwaxy,  noticalcarcous. 

123  Interbedded  shale  (80  percent)  and  siltstone  (20  percent).  Shale  is 
dark  gray  (N3),  silty,  calcareous,  fairly  to  poorly  fissile,  highly  fos- 
siliferous  in  upper  foot.  Siltstone  is  medium  dark  gray  (N4),  cal- 
careous. argillaceous,  in  irregular  thin  beds,  locally  grading  to  shale, 
slightly  pyritic,  locally  very  calcareous. 

122  Shale,  dark -gray  and  black  (N1  to  N3),  silty,  calcareous,  poorly  to 
fairly  fissile,  with  occasiotial  laminae  of  medium-dark -gray,  cal- 
careous, pyritic,  argillaceous  siltstone.  Interbedded  limestone,  me- 
dium-dark-gray  (N4),  silty,  micritic,  slightly  argillaceoits  and  pyritic, 
medium-bedded,  hard  and  tight,  40  percent  of  unit. 

121  Shale,  dark-gray  to  black  (N3  to  Nl),  calcareous,  slightly  silty,  locally 
carbonaceous,  with  veins  of  white  sparry  calcite  and  laminae  of 
meclium-dark-gray  (N4),  calcareotis,  p\ title,  argillaceous,  ripple- 
marked  siltstotie.  Shale  is  iti  part  very  soft,  friable,  and  ligiiitic. 

120  Interbedded  limestone  (70  percent)  and  shale  (30  percent).  Lime- 
stone is  medium  dark  gray  (N4),  microcrystalline,  silty,  irregular  to 
planar  bedded,  medium  and  thick  bedded.  Shale  is  dark  gray  (N3), 
calcareous,  very  finely  silty,  with  occasional  calcareous,  fairly  to 
poorly  fissile,  hard  silt  laminae. 

119  Interbedded  limestone  (80  percetit),  shale  (15  percent),  and  siltstone 
(5  percent).  Limestone  is  dark  gray  (N3),  micritic,  partly  argillaceous, 
partly  silty,  medium  atid  thin  bedded,  flat  bedded,  tight.  Shale  is 
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Unit 

medium  dark  gray  (\4),  silty,  generally  very  calcareous,  poorly 
fissile,  very  finely  micaceous.  .Siltstone  is  medium  gray  (N5),  cal- 
careous, locallv  very  finelv  sandv,  in  occasional  planar  beds  1 inch 
thick. 

118  Limestone,  banded  vellow-gray.  mediuin-gray,  and  medium-dark- 
gray  (5V8/1.  N5,  and  N 1),  siliv  irregular  thin  lieds.  Interliedded 
shale,  yellotv-gray  (5^'8/l),  calcareous,  silty,  weathers  to  yellow-gray 
soil.  Lnit  is  90  percent  limestone. 

117  Shale,  medinm-dark-gray  (Nl),  calcareous,  very  finely  silty,  locally 
slightlv  micaceous,  hard,  poorly  lissile,  interbedded  and  gradational 
with  siltstone,  medium-gray  (N'ri),  argillaceous,  calcareous,  bard  and 
tight,  in  irregidar  beds  < b inches  thick. 

116  l imestone,  medium-gray  (N,')),  micritic  to  microcrystalline,  locallv 
fine  to  medium  grained,  bioclastic,  slightly  pyritic,  thick-bedded, 
hard  and  tight. 

115  Interbedded  shale  (80  percent),  limestone  (20  percent),  and  siltstone 
(trace).  Shale  is  medium  dark  gray  (N4),  silty,  calcareous,  very  finelv 
micaceous,  jioorlv  fissile,  hard.  Limestone  is  medium  grav  (N5),  \cry 
fine  to  medium  grained,  bioclastic,  in  part  sandy  to  siltv,  sligbtlv 
pvritic,  hard  and  tight. 

114  Shale,  as  aliore,  with  10  to  15  percent  interbedded  limestone, 
mediuni-grav  to  medium-lighl-gray  (X5  to  NO),  medium-  to  coarse- 
grained, bioclastic,  silty  to  sandy,  locallv  grading  into  very  fine 
grained,  calcareous,  fossiliferous,  crossbedded  sandstone. 

113  Shale,  medium-dark-gray  (N4),  silty,  very  finely  micaceous,  poorly 
fissile,  hard,  with  occasional  mollusc  shells.  Lnit  includes  10  percent 
interbedded  siltstone,  medium-light-grav  (N'5),  argillaceous,  cal- 
careous, locally  verv  fincK  saiuly,  in  slightlv  undidose  beds  1 inch 
thick. 
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Keefer  Formation  (38  feet  (12  ni)— complete) 

112  Sandstone,  mottled  light-grav  and  dark-gray  (N7  and  N3),  with 
heavy  limonite  staining  increasing  tow'ard  the  tojj,  becomitig  rusty 
yellow'  brown  at  top,  predominantlv  fine  grained,  locally  very  fine  to 
medium  grained,  poorlv  serrted,  angidar  to  subangidar,  ItKally  slightly 
siliceous,  crossbedded,  medium-bedded,  fair  to  locallv  good  porosity. 

Lnit  includes  two  1-inch,  medium-dark-grav  (X4),  noncalcareous, 
siltv,  poorly  fissile  shale  beds  in  lower  foot.  See  Figure  12.  10.0 

111  Sandstone,  mottled  medium-light-gray  and  medium-dark -gi ay  (N6 
and  N4),  limonitic  in  upper  2 inches,  predominantly  verv  fine  and 
fine  grained,  locally  very  fine  to  medium  giained,  silty,  locallv 
argillaceous,  siliceous,  noncalcareous,  fossiliferous.  Tight  in  lower- 
part,  becoming  fairly  porous  in  top  2 feet  due  to  decrease  in  cement 
and  upward  increa.se  in  grain  size  and  sorting.  Ma.ssive,  w’ith  trace 
of  obscure  crossbedding.  Fossil  material  includes  crinoids  and  mol- 
luscs. One-inch  bed  of  soft,  medium-gray,  waxv  clav  at  base.  5.0 

110  Interbedded  sandstone  and  shale.  .Sandstone  is  medium  light  gray 
to  light  grav  (N6  to  X7),  verv  fine  grained,  siltv,  siliceous,  very  hard 
and  tight,  thin  and  very  thin  bedded,  ripple  marked.  Shale  is 
medium  dark  gray  (X4),  silty,  noncalcarcxnis,  similar  to  basal  part  of 
unit  108.  0.5 
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Thicknesi 

(feet) 


Unit 

109  Sandstone,  dark-gray  (N3),  locally  blackish  red  (5R2/2),  very  fine  to 
mediiirn  grained,  predominantly  line  grained,  silty,  generally  calcar- 
eous, siliceous,  argillaceous  graywacke.  Occasional  oolitic  hematite 
zones.  Top  one  foot  is  thin  bedded  with  interbedded  medium-dark- 
gray  (N4),  silty,  noncalcareous  shale. 

108  Sandstone,  medium-light-gray  (NO),  very  fine  to  coarse-grained, 
slightly  calcareous,  locally  argillaceous  and  silty,  medium-  to  very 
thin  bedded,  wdth  irregidar  ripples  and  burrows,  contorted  bedding. 
Interbedded  shale,  medium-dark-gray  to  dark-gray  (N4  to  N3), 
noncalcareous,  silty. 

107  Interbedded  sandstone  (60  percent)  and  shale  (40  percent).  Sandstone 
IS  medium  light  gray  (N'6),  very  line  and  fine  grained,  has  occa- 
sional coarse  to  very  coarse,  angular  tpiartz  grains,  is  slightly  cal- 
careous, thin  to  very  thin  bedded,  hard  and  tight.  Shale  is  medium 
dark  gray  (N4  to  N'3),  silty,  locally  sandy,  hard,  poorly  fissile,  non- 
calcareous, locally  carbonaceous,  ripple  marked  and  burrowed.  In- 
terference ripple  marks. 

106  Sandstone,  mottled  light-gray  and  medium-dark -gray  (N7  to  N4), 
very  fine  to  coarse-grained,  partiv  silty  , partly  argillaceous,  generally 
calcareous,  massite.  highly  burrowed. 

105  Shale,  medium-dark-gray  (N4),  silty,  noncalcareous,  hard,  poorly 
fissile,  with  laminae  of  siltstonc,  mctlium-light-gray  (N6),  very  finely 
sandy,  locally  calcareous,  pyritic;  flascr  bedding. 

104  Sandstone,  medium  light-gTay  (NO),  very  fine  grained,  silty,  slightly 
calcareous,  with  local  argillaceous  streaks,  thin-bedded,  rippled:  has 
laminae  of  medium-dark-gray  noncalcareous  shale. 

103  Sandstone,  medium-light-gray  (NO),  transitional  from  coarse-grained 
sandy  limestone  at  base  to  calcareous  .sandstone  at  top;  very  thin 
bedtied,  crossbedded,  light,  with  laminae  of  medium-dark-gray  (N4), 
noncalcareous  shale. 

Rose  Hill  Formation  (943  feet  (287  m)— complete) 

Upper  shaly  member  (110  feet  (35  m)— complete) 

102  Shale,  medium-dark-gray  (N4),  locally  dark  gray  (N3),  silty,  non- 
calcareous, dull  to  subwaxy,  poorly  fissile,  hard,  slightly  carbonace- 
ous near  top,  with  interbedded  sandstone  in  top  foot.  Sandstone  is 
medium  light  gray  (NO),  very  fine  grained,  silty,  calcareous,  pyritic, 
hard,  in  beds  and  laminae  less  than  one  inch  thick,  irregularly 
bedtied:  current  ripple  marks.  Sandstone  comprises  50  percent  of 
top  one  foot  of  unit. 

101  Interbedded  limestone  (10  percent),  shale  (40  percent),  and  calcare- 
ous siltstone  (20  percent)  in  cyclic  repetition.  Limestone  is  medium 
gray  to  medium  dark  gray  (N5  to  N4),  locally  giayish  black  (N2), 
bioclastic,  pyritic,  tight,  with  lenses  of  crossbedded  calcarcnite.  Silt- 
stone  is  medium  giay  (N'5),  locally  medium  dark  gray  (N4),  gen- 
erallv  calcateous,  with  current  ripjtlc  marks:  generally  giadational 
with  undcilying  fossiliferous  limestone.  Shale  is  medium  dark  gray 
and  dark  gray  (N4  and  N5),  silty,  very  fmelv  micaceous,  noncalcare- 
ous, fairlv  to  poorly  fissile,  hard,  with  inlcrlredded  laminae  of  gray, 
silty,  |)yritic  limestone. 
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Unit 

100  Shale,  medium  dark-gray  (Nl).  silty,  slightlv  calcareous,  hard,  fairly 
to  poorlv  hssilc.  Iiiterhedded  limesloue  (<  .^)  perceul  ol  unit), 
medium-gray  (\5),  bioclastic,  silty,  pyritic,  hard  and  tight,  in  occa- 
sional 2-inch  beds.  Unit  includes  a trace  of  siltstone,  medium-gray 
(N5),  slightly  calcareous,  hard  and  tight,  planar-hedded,  in  occa- 
sional 1-  to  2-inch  beds  in  top  half  of  unit. 

99  Limestone,  medium-gray  (N5),  bioclastic,  massive,  \cry  lossililerous, 
silty,  po.ssil)lv  slightly  argillaceous,  hard  and  tight. 

98  Predominantly  limestone  (90  percent)  with  iiiterhedded  shale  and 
siltstone  (10  percent.)  Limestone  is  medium  light  gray  (N6).  weathers 
light  tan,  is  bioclastic,  fossiliferotis,  meditim  bedded.  Hat  bedded. 
Fauna  incltides  pelecypods,  brachiopods,  and  trilobites.  .Shale  is 
medium  dark  gray  (Nl).  veiy  finely  silty,  slightly  micaceous,  non- 
calcareous,  poorly  fissile.  Siltstone  is  meditim  gray  (N3),  calcareous, 
crossbedded,  hard  and  tight,  in  a single  S-inch  bed  1 foot  below  top. 

97  Interbedded  limestone  (tiO  percent),  siltstone  (20  percent),  and  shale 
(20  percent).  Limestone  is  medium  gray  (N,3),  bioclastic;  itlanar  beds 
<6  inches  thick  grade  upwards  into  silly  limestone  and  calcareotts 
siltstone.  Siltstone  is  meditim  gray  (N.3),  calcareous,  locally  very 
pyritic,  in  planar  beds  0 inches  thick.  Shale  is  meditim  gray  and 
grayish  red  purple  (N5  and  ,5RP4/2),  micaceous,  slightlv  calcareous, 
very  finely  silty  in  streaks,  poorly  fissile,  locally  grading  to  clay- 
stone.  Culvert  ill  uuil  97  is  marked  with  the  elevation  -t'h.hl. 

9fi  Interbedded  shale  (70  percent),  limestone  (2.3  percent),  and  siltstone 
(5  percent).  See  Figure  9.  Shale  is  meditim  dark  gray  to  dark  gneen- 
ish  giay  (N I to  .3U3'1/1),  noncalcareous,  eery  finely  silty,  slightlv 
micaceous,  fairly  to  poorly  fissile.  I imestone  is  medium  gray  (N5), 

bioclastic,  microcrystalline,  locally  coarsely  crystalline,  thin  (3-6 

inches  thick)  bedded,  planar  bedded,  fossiliferotis.  Fauna  predom- 
inantly brachiopods  and  pelecypods.  Siltstone  is  meditim  gray  (N.5), 
very  slightly  calcareous,  in  irregular  to  planar  beds  2 to  6 inches 
thick,  having  flat,  sharp  bases,  irregular  tops,  and  ripple  marks. 

95  Predominantly  shale  (90  percent)  with  interbedded  sandstone  and 
limestone.  Shale  is  brownish  gray  and  meditim  gray  with  pale 

reddish  cast  (5YR-I/1,  N5,  5R-1/2),  slightly  silty.  Sandstone  is  me- 
dium dark  gray  (NL),  very  fine  grained,  calcareous,  hard  and  tight, 
in  planar  beds  1 inch  thick.  I.imestonc  is  medium  dark  gray  (N-f), 
microcrystalline,  bioclastic,  locally  sandy,  fossiliferotis,  hard  and 

tight.  Promiiienl  sandstone  bed  15  feet  above  base,  slightlv  reddish 
medium  dark  gray,  very  fine  grained,  hematitic,  hard  and  tight.  3 to 
9 inches  thick;  sconr-aiid-fill  deposit  with  convex  base  and  flat  top. 

Center  Member  (upper  “iron  sandstone")  (79  feet  (21  m)— complete) 

94  Sandstone,  medium-dark -gray  to  blackish-red  (N4  to  5R2/2),  very 
fine  grained,  locally  fine  grained,  hematitic,  thin-  and  medium- 
bedded  (1  cm  to  2 feet  thick),  hard  and  tight,  with  ripple  marks 
and  greenish-gray  (5GY6/1)  shale  partings. 

93  Shale,  medium-gray,  greenish-gray,  and  blackish-red  (N5.  SOYfi/l, 
5R2/2),  poorlv  fissile,  hard,  with  lenses,  laminae,  and  burrow  casts 
of  sandstone,  medium-dark -gray,  greenish -gray,  and  reddish-black 
(N4,  5GY6/L  5R2/2).  very  fine  grained,  silty,  hematitic,  hard  and 
tight. 
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Unit 

92  Satuistone,  medium-daik-gray  (N4),  very  fine  grained,  hematitic, 
in  a single  bed  which  thins  from  1.5  feet  to  3 inches  in  a lateral 
distance  of  50  feet. 

91  Interhedded  sandstone  (80  percent)  and  shale  (20  percent).  Sand- 
stone is  medium  gray  to  blackish  red  (N4  to  5R2/2),  very  fine 
grained,  silty,  hematitic,  thin  and  medium  bedded,  has  blocky  frac- 
ture. Approximately  20  percent  interhedded  shale,  medium-gray 
(N5)  to  greenish-gray  (5GY6/1),  fairly  hard,  poorly  fissile,  very  finely 
silty,  slightly  micaceous. 

90  Shale,  medium-gray,  dark-greenish-gray,  and  grayish-red  (N5,  5GY4/1, 
5R4/2),  very  finely  silty,  poorly  fissile,  with  laminae,  lenses,  and 
burrow  casts  of  sandstone,  medium-gray  to  dark-gray  (N5  to  N3), 
fine-  and  very  fine  grained,  silty,  hematitic,  hard  and  tight.  Prom- 
inent 2-inch  blackish-red  to  reddish-black,  very  coarse  grained  sand- 
stone bed  2 feet  above  base,  with  generally  well  rounded  rose  and 
smoky  cpiartz  sand  in  a matrix  of  very  fine  grained  hematitic  sand. 
Ripple  marks  common  throughout  unit. 

89  Sandstone,  dusky-brown  (5YR2/2)  to  very  dusky  red  (10R2/2),  very 
fine  grained,  hematitic,  medium-bedded,  planar-bedded,  very  hard 
and  tight. 

88  Sandstone,  dark-grayish-red  (5R4/2),  very  fine  grained,  hematitic, 
locally  limonitic,  thin-bedded,  flat-bedded.  Interhedded  shale,  dark- 
grayish-red  and  greenish-gray  (5R4/2  and  5GY6/1),  hematitic, 
sandy,  highly  burrowed. 

87  Sandstone,  as  above,  with  scattered  dark-grayish-red  (5R4/2)  shale 
clasts  and  few  greenish-gray  (5GY6/1)  shale  partings.  Medium 
bedded. 

86  .Sandstone,  dark-reddish-gray,  very  fine  graitied,  silty,  hematitic,  thin- 
bedded,  with  very  dark  grayish  red  shale  partings. 

85  Shale  and  claystone,  medium-dark-gray  (N4)  to  greenish-gray,  sandy, 
with  lenses  of  very  fine  to  fine-grained  sandstone  in  irregular  beds 
1 to  4 inches  thick;  ripple  marked. 

84  Sandstone,  dark-reddish-gray,  very  fine  grained,  silty,  hematitic, 
slightly  siliceous,  hard  and  tight,  with  sharp  vertical  fractures; 
discontinuous  beds  1 to  6 inches  thick;  local  light-greenish-gray 
streaks,  dark-reddish-gray  clay  clasts,  and  dark-gray  shale  interbeds. 

83  Shale,  dark-greenish-gray  (5G4/1)  becoming  grayish  red  in  top  foot. 
Interhedded  sandstone,  medium-gray  (N5),  fine-  and  very  fine 
grained,  in  discontinuous  lenses  and  streaks;  flaser  structure. 

82  Claystone,  medium-gray  (N5),  silty,  locally  sandy,  with  lenses  of 
medium-grav  sandstone  generally  < (4  inch  thick,  locally  1 inch 
thick. 

81  Interhedded  sandstone  (70  percent)  and  siltstone  (30  percent).  Sand- 
stone is  dark  grayish  red  (5R4/2),  verv  fine  grained,  argillaceous, 
hematitic,  irregularly  bedded.  Siltstone  is  dark  grayish  red  (5R4/2), 
weathers  orange  brown,  sandy,  hematitic,  in  planar  beds  1 to  4 
inches  thick,  has  blocky  appearance  due  to  vertical  fractures. 

80  Sandstone,  dark-grayisli-red  (5R1/2).  predominantly  very  fine  grained, 
locally  fine  grained,  hematitic,  locally  yellow  brown,  limonitic,  irreg- 
ularly thin  and  medium  bedded,  ripple-marked  and  burrowed, 
with  dark-grayish  red  shale  partings  and  interbeds. 
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Thickness 

Unit  (feet) 

79  Interbedcied  sliale  (80  percent)  and  santlstone.  Shale  is  redilish  gray, 
slightly  silty,  with  thin  lenses  anti  pods  of  grayish-green,  fine-  to 
very  fine  grained  santlstone.  Sandstone  is  dark  grayish  red,  locally 
mottled  grayish  green,  \erv  tine  grained,  siltv.  heniatitic,  liunowed, 
in  planar  beds  1 to  1 inches  thick.  Gradational  contact  with  over- 
lying  shaly  sandstone.  8.0 

78  Sandstone,  dark -grayish-red  (,5Rl/2),  very  line  grained,  very  silty, 
locally  becoming  heniatitic,  thin-  anti  metliitm-hedtled,  ripple- 
marked,  sandy  siltstone  with  thin  clay  laminae  at  base  of  each  bctl. 

Bedding  locally  contorted,  with  variety  of  trails  and  burrows.  7.0 


Middle  shaly  member  (360  feet  (110  m)— complete) 

77  Shale,  mediuni-dark-gray  in  lower  half,  retltlish-mediiim-dark-gray 
mottled  with  greenish  gray  (,aGY6/l)  in  upper  half,  becoming 
greenish  gray  in  upper  foot,  generally  pure,  locally  silty,  with  thin 
discontinuous  lenses  of  medium-tlark-gray  siltstone  and  silty  sand- 
stone, slightly  siliceous,  hard  anti  tight. 

76  Interbetldetl  shale  (9.5  percent),  siltstone  (5  [rercent),  anti  santlstone 
(trace).  Shale  is  olive  gray,  locally  grayish  red,  medium  hard,  fairly 
to  poorly  fissile,  siltv,  noncalcareous.  Siltstone  is  medium  dark  giay 
to  olive  gray,  slightly  siliceous,  locally  slightly  calcareous,  thin 
bedded,  flat  hedtled,  with  thin  laminae  of  dark-gray  clay.  Siltstone 
locally  heettmes  medium  bluish  gray  (5B5/1)  anti  very  finely  sandy. 
Sandstone  is  in  a single  bed  15  feet  above  base,  inch  thick, 
medium  gray,  very  fine  grained,  slightly  silty,  siliceous,  noncalcare- 
otts,  flat  hetldecl,  hard  anil  tight. 

75  Siltstone,  olive-gray  (5V1/1),  santly,  slightly  calcareous,  siliceous, 
hematitic,  with  ap|)roximately  40  jierceut  very  fine  graineil,  siliceous, 
hard  and  tight  sandstone  in  alternating  laminae. 

74  Covered.  Offset  0.35  mile  (0.513  ktn)  northwest  along  northeast  side 
of  U.S.  Route  22-322. 

73  Seventy-five  percent  covereil.  Exposed  beds  are  90  percent  siltstone, 
10  percent  shale.  Siltstone  is  grayish  orange  (105'R6/1  to  105'R7/l) 
to  light  brown  (5\R5/6),  coloration  tiue  to  limonite  staining  on 
weathered  samples,  fresh  rock  color  not  seen  here.  Siltstone  is 
siliceous,  slightly  argillaceous,  noncalcareous,  slightly  to  fairly  porotis, 
hard  anil  resistant,  rneilium  anil  thin  beiltletl  (<6  inches  thick), 
planar  beddetl.  Shale  is  ilark  yellow  orange  (lO'i’RO/fi)  and  grayish 
orange  (10YR7/1)  to  light  brown  (55'R5/6),  silty,  poorly  fissile,  non- 
calcareous, splintery,  locally  fossiliferous  (ostracods). 

Top  ol  unit  73  is  2 feet  ahox’e  base  of  tall  pine  in  clearing  approxi- 
mately 30  feet  vertically  below  crest  of  hill.  Top  of  hill  is  covered, 
but  float  on  crest  includes  fragments  of  Center  Member. 

72  Shale,  pretlominantly  olive  hrown  (551/6  and  55’5/6),  variahle 
light-olive-gray  (55’5/2)  to  yellow-brown  (105  R5/2),  generally  slightly 
silty,  moderately  fissile,  larelv  very  silty.  I'nit  iniluiles  tiace  of  tos- 
siliferous  siltstone.  I mm  thick,  8 feet  altove  base,  and  ostracod 
zone  74  feet  above  base.  Seventy-five  percent  covered. 

71  Shale,  prcdominantlv  yellow  brown  (l05Rt/2).  silty,  hard,  pcxtrly 
fissile,  very  thin  bedded,  poorly  exposed,  90  percent  covered. 
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Thickness 

(feet) 


Unit 

70  Shale,  predominantly  yellow  brown  (10YR4/2),  locally  moderate 
brown  (5YR-1/4),  pale  brown  (5YR5/2),  and  light  olive  gray  (5Y5/2), 
slightly  silty,  locally  very  silty,  fairly  to  poorly  fissile,  thin-bedded, 
locally  fossiliferous.  Poorly  preserved  crinoid  columnals  19  feet 
above  base  and  small  pelecypods  10  feet  below  top.  Few  thin  inter- 
beds of  siltstone,  medium-brown  (5YR5/4),  slightly  argillaceous, 
slightly  porous,  locally  fossiliferous,  containing  occasional  disarticu- 
lated and  abraded  shell  fragments.  Unit  is  80  percent  covered. 

69  Shale,  gray-ltrown  (5YR3/2  to  5YR4/2)  and  moderate-brown  (5\  R3/4), 
weathers  dark  vellow  brown  (10YR4/2).  thin  bedded,  very  slightly 
silty,  poorly  to  fairly  lissile,  hard,  sultwaxy,  noncalcareous,  locally 
fossiliferous,  containing  ostracods  and  possible  thin  crinoid  colum- 
nals. Interlteilded  siltstone  (1  to  2 percent  of  exposure),  light-olive- 
gray  {5Y5/2  and  .5Y6/2).  slightly  argillaceous,  slightly  porous,  non- 
calcareous, in  .scattered  planar  beds  V2  inch  thick. 

Top  of  unit  69  is  at  top  of  cut  bank,  at  tree  line  on  highest  part 
of  roadcut. 

68  Shale,  olive-grav  to  yellow-gray  (5’t'5/2  to  5Y7/2),  locally  light  olive 
brown  (5Y5/6),  slightly  to  very  silty,  locally  micaceous,  generally 
subwaxy,  hard,  fairly  fissile,  with  occasional  silty  laminae  near  top. 

67  Siltstone,  light-olive-gray  (5Y5/2  to  .')Y6/2),  slightly  siliceotis,  slightly 
argillaceous,  noncalcareous,  thin-bedded,  flat-bedded,  slightly  porous, 
with  local  limonite  staining. 

66  Shale,  light-olive-giay  to  yellow-gray  (5'\'4/2  to  5Y7/2),  generally 

pure,  locally  moderately  silty,  fairly  fissile,  subwaxy,  thin-bedded, 
planar-bedded,  locally  burrowed. 

65  Covered. 

64  interbedded  sandstone  (.50  percent)  and  shale  (50  percent).  Sand- 
stone is  giaxish  red  (IOR4/2  to  5RI/2),  very  fine  grained,  with  scat- 
tered fine  and  medium  tpiartz  grains;  hematitic,  siliceous,  argilla- 
ceous. Ver\  hard  and  tight,  ripple  marked  and  burrowed.  Intercalated 
shale  is  light  olive  grav  and  grayish  red  (5\'5/2  and  5R4/2),  slightly 
silty,  in  part  hematitic. 

63  Siltstone,  light-oli\ e-gray  (5Y5/2),  mottled  with  medium  gray  (N4), 
argillaceous,  slightly  siliceous,  irregularly'  very  thin  bedded,  ripple- 
marked,  highly  burrowed,  with  irregular  laminae  and  lenses  of  light 
olive  grav  as  in  unit  62. 

62  Interbedded  shale  (75  percent),  siltstone  (20  percent),  iron  sandstone, 
and  cpiartzite  (5  percent).  Shale  is  light  olive  gray  (5Y4/2  and  5Y5/2), 
and  yellow  grav  (5Y5/4  to  5Y7/2),  very  finelv  siltv.  locally  hematitic, 
sidtwaxv,  thin  bedded,  fairly  fissile,  splintery,  with  burrows,  flasers, 
lenses  and  laminae  of  gray  siltstone.  Siltstone  is  light  olive 
gray  (55'5/2)  and  meilium  light  gray  (N6),  siliceous,  locally  very 
finely  sandy,  slightly  argillaceous,  hard  and  tight,  in  thin  and  very 
thin  discontinuous  beds  and  lenses.  Locally  grades  to  quartzite. 
Sandstone  is  grayish  red  (5R3/2  to  5R4/2).  very  fine  grained,  silty, 
hematitic,  siliceous,  locally  limonitic.  Occurs  as  one-inch  beds  V2 
and  2V2  inches  above  base,  and  one  4-inch  bed  2 feet  belotv  top. 
Section  offsets  across  stream  valley  on  top  of  Cabin  Hill  Member. 
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Unit 

Cabin  Hill  Member  (12.5  Icet  (4  m)— complete) 

61  .Sandstone,  blackish-nd  (5R2/2  to  5R3/2),  \erv  line  grained,  liematitic 
matrix,  limonitic,  with  limonite  filling  line  vugs,  medium-  and  thin- 
beddeil  (<;  1 inch  thick),  irregular  bedding  with  scour-and-fill  struc- 
ture, trotigh-t\pe  crossbedding,  and  poorh  developed  ripple  marks. 
Hematite  locally  becomes  specular,  pisolitic.  Grasish-red  shale  pebbles 
scattered  throughotit  unit,  Interbetkled  shale  (approximately  10  per- 
cent of  unit),  gravish-red  (5R4/2),  siltv,  liematitic,  generally  poorly 
fissile,  in  irregular  and  discoiitiiiuous  lenses  and  laminae.  4’nit  forms 
prominent  clilf. 

Lower  shaly  member  (379.5  feet  (111  m)— complete) 

60  Intbrhedded  shale  (80  percent)  and  siltstone  (20  percent).  Shale  is 
yellow  brown  (5V5/4),  pure  to  very  lineh  silt\.  has  fair  to  good 
fissility.  Siltstone  is  light  olive  giax  (5Y5/2),  slightly  argillaceous, 
slightly  siliceotis,  uoucalcareous,  thiu  bedded,  tight.  In  upper  3 feet 
both  shale  and  siltstone  become  slighth  liematitic  and  limonitic; 
contact  with  overlying  Cabin  Hill  Member  is  gradational. 

59  Coxered. 

58  Intcrbedded  siltstone  (50  percent)  and  shale  (50  percent).  Siltstone  is 

light  olive  gray  (5\'5/2),  slighth  siliceous  and  argillaceous,  thin  and 
very  thin  bedded,  burrowed  and  ripple  marked.  Shale  is  light  giav 
brown  (5YR1/2).  becoming  gra\  brown  to  graxish  red  (55  R3/2  to 
5R1/2),  silty,  lairly  to  poorly  lissile,  xxith  silt  laminae  and  siltstone- 
filled  burrows. 

57  Predominantly  shale  (80  percent),  xvith  interbedded  sandstone  and 

(piartzite.  Shale  is  light  gravish  brown  (5YR4/2),  xerx  finelx  siltv, 
has  dull  Itister.  is  thiu  bedded,  fairly  fissile.  Quartzite  is  medium 
light  gray  (N6)  to  light  olive  gray  (5Y5/2),  very  line  grained,  siltv, 
in  thin  and  xerx  thin  beds  and  discontinuous  lenses,  locally  ripple 
marked.  Sandstone  is  gTaxish  black,  xerx  fine  grained,  siliceous, 
hcmatitic,  slighth  limonitic,  loxx -grade  ‘'iron  sandstone."  One  3-inch 
bed  at  top  of  tinit. 

56  Interbedded  (|uartzitc  (60  jjercent).  siltstone  (30  percent),  and  shale. 
Quartzite  is  medium  light  gray  (X6).  very  fine  grained,  siltx.  slighth 
liematitic,  generalh  thin  bedded  (I  to  3 inches  thick),  ripple  marked. 
Siltstone  is  light  olive  gray  (55'5/2),  finely  siltx,  fairh  fissile,  thin 
bedded,  xvith  poorly  preserxed  ripple  marks. 

55  Siltstone,  light-olixe-grax  to  olive-gray  (55’5/2  to  5Y3/2),  slighth 
siliceous,  argillaceous,  thin-bedded,  tight,  locally  ripple  marked. 
Forty  percent  interbedded  shale,  yclioxv-broxvn  (55'5/4)  very  finely 
siltv,  fair  to  good  fissilitx,  with  lenses  and  burrow  casts  of  siltstone, 
as  above. 

54  Siltstone,  xelloxv-broxvii  (55',5/4),  very  hiielx  sandx.  siliceous,  argilla- 
ceous. thin-bedded,  ripple-marked. 

53  Shale,  moderate-olixe-hroxvii  to  gravish-olix  e (5''i'4/4  to  105'4/2), 
very  finely  siltv,  fairly  fissile,  bunow  casts  and  Icirscs  of  siltstone, 
light-olixe-gray  (55'5/2).  slightly  argillaceous,  siliceous  (<  10  percent 
of  unit).  Siltstone  beds  are  < I inch  thick,  ripple  marked. 
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Unit 

52  Shale,  as  abo\e,  with  I -foot  bed  of  (juaitzite  at  top.  Quartzite  is 
medium  gray  (N5  to  N6),  very  fine  grained,  possibly  silty,  medium 
bedded,  planar  bedded,  very  hard  and  tight.  Unit  10  to  20  percent 
covered. 

51  Interbedded  (piartzite  (20  percent),  iron  sandstone  (20  percent),  and 
shale  (10  percent).  Unit  is  50  percent  covered.  Quartzite  is  medium 
gray  (N5),  very  fine  grained,  hard  and  tight,  medium  bedded,  ripple 
marked.  Iron  sandstone  is  dark  gray  (N3  to  N4),  very  fine  grained, 
siliceous,  hematitic,  slightly  limonitic,  medium  bedded,  poorly  ex- 
posed. Shale  is  grayish  olive  (10Y4/2),  waxy,  fissile,  .soft.  Thickness 
of  unit  may  be  exaggerated  due  to  slumping. 

50  Covered.  Float  is  shale,  moderate-olive-brown  to  light-olive-giay 
(5Y4/4  to  5Y5/2),  very  finely  silty,  subwaxy,  fairly  fissile,  with 
occasional  siltstone  burrow  casts.  .\  few  exposures  reveal  bedrock 
similar  to  float. 

49  Quartzite,  medium-gray  (N5),  fine-  to  very  fine  grained,  hard  and 
generally  tight,  but  locally  slightly  porous. 

48  Shale,  grayish-olive  to  light-olive-gray  (5Y5/2  to  I0Y4/2),  slightly  to 
very  siltv,  slightlv  siliceous,  noncalcareous,  fairly  fissile,  splintery, 
with  laminae  and  lenses  of  olive-gray,  siliceous,  tight  siltstone.  Inter- 
bedded siltstone,  mediurn-light-gray  (N6),  siliceous,  thin-  and  very 
thin  bedded,  irregularly  bedded,  very  hard  and  tight. 

47  Shale,  moderate-olive-brown  to  grayish-olive  (5Y4/4  to  10Y4/2),  very 
finely  silty,  thin-bedded,  fairly  fissile,  ripple-marked,  burrowed, 
with  thin  lenses  and  burrow  casts  of  siliceous  siltstone.  In  upper 
4 feet  shale  becomes  siltier,  more  siliceous,  poorly  fissile,  and 
blocky.  Unit  contains  two  beds  of  iron  sandstone,  black,  very  fine 
grained,  hematitic,  very  hard  and  tight,  locally  resembling  specular 
hematite;  I -inch  bed  SV2  feet  above  base  and  6-inch  bed  at  top. 

46  Interbedded  shale  (50  percent)  and  <|uartzite.  .Shale  is  medium  gray 
(\5).  locally  gieenish  gray  to  dark  greenish  gray  (5G4/1  to  5G6/1), 
very  finely  silty,  subwaxy,  with  occasional  thin  beds  of  medium-gray 
(N5),  siliceous,  tight,  rippled  and  burrowed  siltstone.  Quartzite  is 
medium  gray  (N5  to  N6),  very  fine  grained,  silty,  weathers  to 
rusty  brown,  in  irregular  beds  6 to  12  inches  thick,  locally  nodular. 
Ibiit  incltides  2-inch  beds  of  black  (Nl)  specular  hematite  at  top, 
with  limonite  vugs  in  weathered  zone. 

45  Shale,  predominantly  medium  giay  (N6),  with  slight  greenish  cast, 
locally  becoming  dark  greenish  gray  (504/ 1),  very  finely  silty,  sub- 
waxy, fairly  fissile,  thiti-bedded,  with  < 5 percent  interbedded 
(piartzite.  Quartzite  is  meditim  gray  (N5),  locally  brownish  gray 
(5YR4/I),  very  fine  grained,  silty,  very  hard  and  tight,  occurs  as 
occasional  planar  to  slightly  irregular  beds  </  2 inches  thick. 

44  Qtiartzite,  medium-gray  (N5),  very  fine  grained,  silty,  very  hard  and 
tight,  forms  one  irregnlar  bed  which  varies  in  thickness  from  V2  to 
2 feet  ditc  to  load  casting  at  base.  Spheroidal  weathering. 

43  Siltstone,  greetiish-gray  (5G5'6/I),  locally  medium  gray  (N5),  and 
brownish  gray  (55'R4/1),  siliceous,  slightly  argillaceous,  locally  slightly 
hematitic,  thin-  and  very  thin  bedded,  very  hard  and  tight,  bur- 
rowed. rippled.  Interlaminated  shale,  greenish-gray,  very  finely  silty, 
subwaxy  fairly  fissile. 
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42  Coxcrcd.  132.0 

Section  is  offset  along  northeast  side  of  the  northbound  lane  of  U.S. 

Route  22-322  in  unit  42.  Units  43  through  61  ate  measured  in 
cuthank  above  cuh’ert  no.  42S.43. 


41  Shale,  olivc-gia\,  localh  light  olive  bioun,  waw.  locally  very  finely 
silty,  approximatelv  10  percent  covered. 

40  Covered. 

39  Siltstone.  meditim  light-gray,  argillaceotis,  localh  slighth  fissile,  gen- 
erally hard  and  siliceous, 

38  Siltstone,  light-grav  to  niedinin-light-grav,  argillaceous,  locally 

slightly  sandv,  in  giadational  contact  with  underlying  shale.  Forms 
highest  prominent  ledge  on  cutbank. 

37  Shale,  light-oli\ e-grav,  snhwaxv,  lairlv  fissile,  with  occasional  1-inch 
beds  of  olive-grav  to  buff  siliceotis  siltstone  (<  10  percent  of  iniit). 

36  Interbedded  siltstone  (80  percent),  shale  (10  percent),  and  sandstone 
(10  jx’rcent).  Siltstone  is  greenish  gray,  locally  grading  to  niedittm 
gray,  argillaceous,  localh  becomes  siltv  clavstone.  Recomes  gravish 
red  purple  (.5RP4/2)  and  hematitic  toward  top  of  unit.  Shale  is 
medittni  gray,  verv  fiiielv  sandy,  localh  grading  to  shah  sandstone. 
Sandstone  is  meditim  gray,  \crv  line  grained,  argillaceous,  siliceous; 
texture  obsetired  bv  cement.  C.radaiional  with  argillaceous  siltstone 
above.  This  sanristone  is  informalh  called  the  "upper  green  sand- 
stone" of  the  Tuscarora / Rose  Hill  conlael  zone.  Top  of  unit  forms 
second  highest  prominent  ledge  on  citibank. 

35  Covered.  Float  is  greenish-gray  (5CY(5/ I ) sandstone  and  grayish-red- 
purplc  (5RP1/2),  argillaceotis,  sandv  siltstone,  localh  mottled  greenish 
grav.  .Appears  to  be  nearh  in  place. 

34  Interbedded  sandstone  (20  percent),  and  shale  (80  percent).  .Sand- 
stone is  light  gray,  weathers  very  light  gray,  is  fine  and  medium 
grained,  localh  coarse  grained,  pvritic,  medium  bedded,  with  occa- 
sional shale  clasts  (<  1 inch  wide)  of  dark-giav  siltv  clay,  ffccasional 
ripple  marks,  small-scale  load  casts,  and  channel  scours.  Prominent 
channel  scour  12  feet  above  base  is  filled  with  sandstone,  white  to 
light-gray,  fine-  and  medintn-grained,  siliceous,  \erv  thin  to  medium- 
bedded,  with  dark-gray  clav  |5ebbles  and  shale  laminae  near  base. 
■Shale  is  dark  grav  (N'3),  locallv  siltv  to  sandv,  with  laminae,  lenses, 
and  burrow  casts  of  light-gray  fine  to  meditim  sand. 

(The  interhedded  sandstones  and  shales  of  Rose  Hill  unit  34  are 
similar  to  the  upfter  strata  of  the  underlying  Tuscarora  Formation, 
the  principal  distinction  being  the  slightly  lighter  colored  sand- 
stones and  darker  colored  shales  in  unit  34.  and  a greater  amount 
of  crosshedding  in  the  Tuscarora . .4lso.  the  shales  of  the  lower  part 
of  the  Rose  Hill  are  not  sandy,  generally  not  very  silly,  have  no 
sand  laminae,  and  have  a better  fissility  than  the  shales  In  the  top 
of  the  Tuscarora  Formation.) 

33  Sandstone,  greenish-grav,  verv  fine  grained,  argillaceous,  localh  siltv, 
slighth  pyritic,  bard  and  tight,  ledge  former.  This  is  informally 
called  the  "lower  green  sandstone"  of  the  Tiiscarora/Rose  Hill 
contact  7one. 
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The  upper  and  lower  “green  sandstones"  of  the  Tuscarora/Rose 
Hill  contact  zone  which  occur  here  may  be  correlative  with  the 
Castanea  sandstone  (Swartz,  1934,  p.  109). 

32  Iiiterbcdclcd  shale  (70  percent)  and  sandstone.  Shale  is  medium  dark 
gray  (N'l),  in  part  silty  to  sandy,  poorly  fissile.  SandstOTie  is  light 
gray  to  very  light  giay,  fine  and  medium  grained,  locallv  coarse 
grained,  siliceous,  \erv  hard  and  tight,  thin  and  medium  bedded, 
crossbedded. 

31  Shale,  as  above,  fills  scour  eroded  into  underlying  sandstone. 

Tuscarora  Formation  (270  feet  (82  m)— incomplete) 

(See  Figures  6 arid  7) 

30  Interbedded  siliceous  sandstone  (60  percent)  and  silty  shale.  Sand- 
stone is  light  gray  to  vcr\  light  gray,  fine  and  medium  grained, 
locally  coarse  grained,  siliceous,  \ery  hard  and  tight,  medium  and 
thin  betided,  has  trough-type  crossbedding  dipping  northwest. 
Shale  is  medium  gray  (Nl),  silty,  fairly  fissile,  very  thin  and  thin 
bedded  (2  mm  to  2 inches  thick).  Shale  locallv  becomes  very  finely 
sandy,  havittg  irrcgidar  thin  beds  and  lenses  of  very  fitie  grained 
pvritic  sandstotie.  Top  5 feet  of  unit  contains  sandstone-filled  bur- 
row casts  extending  downward  from  sandstone  beds  into  underlying 
shale. 

29  Interbedded  sandstone  (80  percetit)  and  shale.  Sandstone  is  olive 
gray  and  greenish  giay,  becoming  locally  medium  giay,  pinkish  gray, 
and  buff  toward  toj),  weathers  pinkish  giay,  very  light  gvay,  or  buff, 
locallv  staitied  dark  rustv  brown;  verv  fine  to  coarse  graitted,  silty, 
poorly  sorted,  silica  cemented,  texture  generally  obscitred  by  cement, 
locallv  argillaceous;  medium  bedded,  with  trough-type  cro.ssbcdditig 
generally  dipping  north  to  northwest  (corrected).  Interbedded  shale 
is  medium  gray,  silty,  and  light  olive  gray,  sandy,  thiti  bedded. 
Prominent  trough  citt  into  2-foot  sandstone  bed  3 feet  beloyv  top, 
dippitig  northward,  filled  with  greenish-gray,  thin-bedded,  very 
finely  silty  shale. 

28  Interbedded  sandstone  (70  percent)  and  shale.  Sandstone  is  light 
olive  gray  to  greenish  gray,  fine  and  very  fine  grained,  with  a few 
scattered  coarse,  sidtrounded,  frosted  {|uartz  grains;  silica  cemented, 
very  hard  and  tight,  medium  bedded,  crossbedded.  ripple  marked. 
Shale  is  greenish  gray  to  dark  greenish  gray,  sandy  to  silty,  poorly 
fissile,  medium  bedded,  planar  bedded;  locally  grades  to  siltstone, 
greenish -gray,  argillaceotis,  very  thin  bedded,  flat-bedded,  locally 
\erv  finely  sandy. 

27  Covered,  with  greenish-gray  shale  float  at  top. 

26  Quart/ite,  mediiirn-gtay  (N.'S  to  N6),  texture  obscured  by  silica 
cemetit,  medium-  to  thick-bedded,  with  trotigh-type  crossbedding. 
Ibiit  has  6-inch  interbedded  olive-gray,  silty  to  sandy,  fairly  fissile 
shale  unit  near  mitldle. 

Section  offsets  100  feet  southeast  on  lop  of  unit  26.  Lateral  tracing 
of  beds  reveals  consistent  inclination  of  crossbedding,  which  dips 
northwest  at  an  angle  of  approximately  13°  to  the  bedding. 


3.0 

4.0 


24.0 


19.0 


19.0 

3.0 


8.0 


APPENDIX  I 


211 


Thickness 


Unit  (feel) 

25  Covered.  7.0 

24  Sandstone,  medium-liglit-jj,Tav  (N6).  fine-  and  very  fine  grained, 

t|uart7itic,  medium-fiedded,  ffat-iiedded  to  sligiitfv  ciossbedded.  2.0 

23  Shafe,  olive-gray  to  dark-greenish-grav,  siltv,  fair  to  poor  fissility, 

generally  thin  bedded.  2.0 

22  Sandstone,  medium  liglit-grav  (NO),  weathers  rnst\  brown,  fine 

grained,  locally  verv  fine  grained,  qnart/itic,  very  hard  and  tight, 
medium-bedded,  with  low-angle  crossbedding,  3.0 

Units  22-32  in  the  'I'uscin  oi  a Formation  were  measured  from  a tem- 


porary heneh  dining  the  construction  of  the  northbound  lane  of 
U.S.  Route  22-322  in  September  7^67.  I he  strata  measured  are 
several  feel  above  the  present  road  lex'el.  Units  12-21  itt  the  Tusca- 
rora  Formation  were  measured  in  the  bed  of  a small  iutermittexxt 
stream  opposite  utility  pole  :ff:^4S64. 

21  Quartzite,  light-olive-grav  (55'0/l),  weathers  pinkish  gray  to  rusty 
orange  (5YR8/1  to  lOYRTi/fi),  fine-,  medium-,  and  coarse-grained, 
poorly  sorted,  medinm-bedded,  with  trough-tvpe  crossbedding.  Occa- 
sional light-olive-gray,  <l-cm-thick,  < 1 foot-wide,  flattened  shale 
pebbles,  Ibiit  21  is  20  percent  covered.  7.0 

20  Interbedded  (piart/ite  (90  percent)  and  shale.  Quartzite  is  light  oli\e 
gray  (5Y6/I),  weathers  yellow  gras  and  gray  brown  (5Y8/I  and 
10\'R3/2);  fine  and  medium  giained,  with  occasional  coarse  sand 
laminae:  medium  bedded  (2  to  fi  inches  thick),  irregnlarlv  fiedded, 
possibly  crossbedded.  Possible  gastropod  trails  6 inebes  above  liase. 

.Shale  is  moderate  fnown  (.5YR  1/4),  weathers  grayish  orange  (10YR7/4), 
is  silty  to  \ery  fineh  sandy,  hard,  poorly  fissile.  .Seen  as  float  on 
covered  intervals.  Cnit  20  is  15  percent  cocered.  10.0 

19  Interliedded  tpiartzite  (95  jxrcent)  and  shale.  Quartzite  is  light  oli\e 
gray  (55’5/2),  weathers  grayish  orange  (l05'R7/4),  with  rusty-orange 
limonitic  coating  on  fractures:  ]n cdominautly  fine  and  medium 
grained,  poorly  sorted,  meditim  to  thick  bedded  (V^  to  3 feet  thick), 
with  trough-type  crossbedding.  Shale  is  light  olive  gray  (SYfi/l), 
weathers  yellow  gray  (55’8/l).  finely  silty.  \ery  thin  bedded,  occurs 
as  discontinuous  lenses.  11.5 

18  Shale,  light-oli\e-gray  (55'fi/l),  weathers  rusty  orange  (I05R5/6), 
very  finely  silty,  micaceous,  thin-bedded,  fairly  fissile.  Quartzite 
(single  2-inch  bed  near  middle  of  unit),  medinm-olive-gtay  (5Y,5/1), 
weathers  brown  orange  (10YR6/4),  fine-  to  medium-grained,  occu- 
pies a trough  2 to  4 inches  thick.  1.5 

17  Interbedded  (|uartzite  (95  percent)  and  shale.  Quartzite  is  medium 
olive  gray  (.5V'5/1),  weathers  dark  yellow  firowii  to  rusty  orange 
(l()YR4/2  to  I0YR5/5).  is  predominantly  fine  grained,  locally  fine 
to  coarse  grained,  pocrrlv  sorted,  with  occasional  shale  clasts  < 1 cm 
in  diameter.  Ibiit  is  medium  Irc-dded  (I  to  2 feet  thick),  with  trough- 
type  crossbedding.  Shale  is  light  olive  gray  (55'f)/l),  weathers  yellow 
gray  (5\’8/l),  is  thin  bedded,  planar  bedded,  occurs  as  two  3-inch 
treds  41/2  feet  and  51/2  feet  above  ba.se.  7.0 

See  Figure  4 for  an  illustration  of  units  17,  IS,  and  Id, 
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16  Intcrljcddcd  shale  (80  percent)  and  (|iiartzite.  Shale  is  medium  olive 
gray  (5Y5/1),  weathers  rustv  orange  (10YR5/6),  is  silty,  slightly 
micaceous,  locallv  sandv,  with  sandstone  burrow  casts.  Unit  is 
fairly  hssile  to  splintery,  localh  hard  and  siliceous,  thin  bedded, 
with  local  planar  crossheds.  Quartzite  is  olive  gray  (5Y3/2  to  5Y6/2), 
weathers  rusty  orange,  is  fine  to  coarse  grained,  poorly  sorted,  with 
occasional  gray  shale  fragments.  Thin  bedded,  irregularly  flat  bedded. 

15  Interbedded  cpiartzite  (50  percent)  atid  shale.  Quartzite  is  light 
olive  gray  (5Y6/1),  weathers  yellow  gray  (5Y8/1),  is  fine  to  coarse 
grained,  predominanth  medium  grained,  poorly  sorted,  with  occa- 
sional flattened  shale  pebbles  (medium  gray,  silty,  i/^  thick, 

<;  2 inches  wide).  Unit  is  medium  bedded,  with  trough-type  cross- 
bedding. and  a fetv  poorly  developed  load  casts  2V2  feet  above  base. 
.Shale  is  thin  bedded,  silty,  locallv  slightly  sandy,  micaceous,  thin 
bedded,  poorly  fissile,  blocky,  with  occasional  asymmetrical  ripple 
marks. 

14  Quartzite,  olive-gray  to  yellow-grav  (5Yfi/l  to  5Y8/1),  weathers 
light  yellow  gray  (5Y9/1)  and  locally  rusty  orange  (10YR5/6); 
predominantly  line  and  meditim  giained,  locally  coarse  giained, 
metlittm  to  thick  bedded  (I/2  to  3 inches  thick),  with  trough-type 
crossbedding  and  occasional  zones  of  flattened  shale  clasts  (<  2mm 
thick,  2 inches  in  diameter,  medium  gray,  micaceous,  silty),  in  a 
matrix  of  coarse-grained  (|tiartzitc.  Similar  shale  also  occurs  as  dis- 
continuous thin  beds  in  upper  foot. 

13  Predominantly  shale  (70  percent)  and  (|uartzitc.  Shale  is  medium 
olive  gray  (5^’4/2),  weathers  very  pale  orange  (10YR8/2),  is  silty, 
slightly  micaceous,  thin  and  very  thin  bedded,  has  fair  to  poor 
fissility.  Quartzite  is  medium  gray  (N5  - N6),  weathers  yellow  gray 
to  rtisty  orange  (5Y8/1  to  I0YR5/6),  is  line  to  coarse  grained, 
predominantly  fine  and  medium  grained,  thin  to  medium  bedded 
(2  to  4 inches  thick),  generally  flat  bedded  with  few  low-angle 
crosslx'ds.  Unit  includes  a trace  of  medium-dark-gray,  siliceous, 
argillaceous  siltstone,  transitional  lithology  between  the  shale  and 
cpiartzite  dcscTibed  above. 

12  Interbedded  (|tiartzite  (90  percent)  and  siltstone.  Quartzite  is  olive 
gray  to  yellow  gray  (5Y4/2  to  5Y7/2),  locally  rusty  orange,  pre- 
dominantly fine  and  medium  grained,  locally  very  fine  to  very 
coarse  grained,  poovlv  .sorted,  slightly  limonitic,  medium  bedded, 
with  trough-type  crossbedding  and  a trace  of  vuggy  porosity.  .Shale 
pehbles.  medium-dark-gray  and  silty,  occur  in  coarse-  to  very  coarse 
grained  qtiartzite  3 to  5 feet  above  ba.se.  Siltstone  is  olive  gray 
(5Y3/2  to  5Y5/2),  siliceous,  slightly  limonitic,  locally  argillaceous, 
thin  bedded,  flat  bedded,  hard  and  tight.  Trace  of  light-olive-gray, 
silty  shale  in  thin  and  very  thin  discontintious  beds. 

Ihiils  /-//  xi'cre  measured  at  It  different  stations  between  utility 
pole  #b~lHS4  and  the  axial  filane  of  Tnscarora  Mountain  anticline, 
ahntg  the  northeast  side  of  Lt.S.  Route  22-122. 

Interbedded  (|uartzite  (80  percent)  and  shale.  Quartzite  is  predomi- 
nantly medium  gray  (\5  - N7),  in  part  olive  gray  to  yellow  gray 
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(5Y4/1,  5V5/1,  5Y7/2),  line  and  medium  grained,  locally  bimodal 
with  scattered  coarse  tiuartz  grains  in  line-grained  matrix,  poorly 
sorted,  locally  slightly  limonitic,  with  a trace  of  ' nggy  porosity. 
Coarser  grains  are  subroiinded  and  eqnant:  texture  of  Hner  material 
is  obscured  bv  silica  cement.  Unit  is  metlium  bedded  with  trough- 
tvpe  crossbedding,  /.one  of  scattered  clay  pebbles  2 feet  altove  base. 
Prominent  trough-shapetl  (|uart/ite  bed  exposed  southeast  of  cidvert 
thickens  from  I V2  to  4 feet  in  a lateral  distance  of  10  feet,  shown 
in  Figure  ,5.  .Shale  is  medium  gray  to  light  oli\e  gray  (N.'r  to  5Y5/2), 
slightly  micaceous,  yery  silty,  grading  to  argillaceous  siltstone.  local- 
ly very  finely  sandy,  poorly  fissile,  blocky.  thin  and  yery  thin  betkled, 
flat  bedded.  See  Figure  . 

10  Interbediled  (piartzite  (fiO  percent)  and  shale.  Quartzite  is  predomi- 
nantly light  gray  (N5  to  N7),  locally  yellow  gray  (,'3Y7/2)  due  to  a 
trace  of  limonite.  predominantly  fine  grained,  locally  fine  to  coarse 
grained,  with  occasional  disc-shaped  pebbles  of  gray  silty  shale, 
similar  to  the  underlying  shale  strata.  Quartzite  is  medium  bedded, 
with  flat  bedding  alternating  with  low-angle  planar  crossbeds.  Trace 
of  porosity,  with  few  limonite-stained  yugs.  Shale  is  medium  dark 
gray  and  oliye  gray  (N4  and  ,5Y4/1),  yery  slightly  silty,  noncalcate- 
ous,  slightly  micaceous,  slightly  limonitic  in  siltier  beds,  fair  to 
poorly  fissile,  with  occasional  laminae  of  fine  to  medium  santl. 

9 Interbedded  quartzite  (90  percent),  shale  (10  percent),  and  siltstone 
(trace).  Quartzite  is  yellow  gray  to  light  olive  gray  (5Y5/2  to  ,5Y7/2), 
locally  light  gray  (N6  to  N7),  predominantly  fine  to  medium  grained, 
locally  medium  to  very  coarse  grained,  poorly  sorted,  medium  bedded, 
in  part  crossbedded  with  planar  and  low-angle  simple  crossbeds. 
Occasional  burrow  casts  of  Arthrophycus  alteghenensis  filled  with 
medium-grained  olive-gray  sand.  Shale  is  pale  olive  gray  and  medium 
gray  (.5Y4/2  and  N5),  silty,  slightly  micaceous,  noncalcarc'ous  with 
occasional  sand  laminae,  fairly  to  poorly  fissile,  laterally  grading  to 
argillaceous  siltstone,  thin-  to  very  thin  bedded,  flat  bedded.  Silt- 
stone is  medium  gray,  argillaceous,  siliceous,  slightly  sandy,  hard, 
locally  slightly  porous. 

8 Interbedded  sbale  (50  percent)  and  (|uartzite.  Sbale  is  medium  gray 
and  olive  gray  (N  1 to  N6  and  5V'5/1  to  5Y5/2),  \ery  silty,  slightly 
siliceous,  noncalcareous,  poorly  to  fairly  frssile,  with  occasional 
laminae  of  fine  sandstone  5 mm  thick.  Quartzite  is  predominantly 
olive  gray  acid  yellow  gray  (5Y5/I  to  SYfi/l  and  5Y7/2),  with 
occasional  rusty  limonitic  spots;  predominantly  fine  to  coarse 
grained,  locally  very  fine  to  coarse  grained,  poorly  sorted,  medium 
bedded,  planar  and  trougb-type  ciossbeds.  Cday  shale  chips  and 
pebirles  Ut  to  2 inches  in  diameter  occur  rarely.  Arthrophycus 
alleghenensis  in  float. 

7 Shale  (lower  3 inches)  and  (|uartzite.  Shale  is  predominantly  medium 
gray  (N5  to  N6).  locally  light  olive  gray  (55'6/l).  very  silty,  slightly 
siliceous,  poorly  fissile,  thin  bedded,  planar  bedded,  with  occasional 
thin  sand  laminae.  Shale  beds  grade  laterally  into  siltstone.  Quartzite 
is  light  gray  and  yellow  gray  (N6  to  N8,  5Y7/2),  very  fine  to 
medium  grained,  poorly  sorted,  pure,  medium  bedded,  crossbedded. 
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(feet) 


11.0 


11.0 


10.5 


19.5 

7.5 
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Unit 

6 Interbedcled  quartzite  atid  shale.  Quartzite  is  medium  light  gray 
(N5  to  N7),  weathers  light  olive  gray  (5Y5/2),  with  rusty  limonite 
staining  on  fractures,  fine  to  coarse  grained,  mineralogically  pure 
(>  98  percent  quartz),  has  poor  sorting  with  respect  to  size.  Hard, 
tight,  medium  to  thin  bedded  (1/2  to  3 feet);  has  trough-type  cross- 
bedding. Shale  is  less  than  10  percent  of  unit,  occurs  in  basal  foot 
and  in  4-inch  bed  in  upper  foot,  is  medium  gray,  locally  light  olive 
gray  (N4  to  N.5  and  5Y6/1),  very  silty,  locally  very  finely  sandy, 
poorly  fissile. 

5 Quartzite,  light-olive-gray  (5Y5/2),  weathers  yellow  gray  (5Y7/2); 
predominantly  medium  and  coarse  grained,  with  occasional  beds  of 
fine  sand  and  lenses  of  very  coarse  sand  < 3 inches  thick  (41/2  feet 
above  base),  very  hard  and  tight,  with  occasional  shale  pebbles  (<;  1 
inch  in  diameter,  <)  H inch  thick,  subrounded,  medium  dark  gray, 
silty).  Interbedcled  shale  (<  5 percent  of  unit),  light-olive-gray 
(5Y5/2),  silty,  poorly  fissile,  splintery,  micaceous. 

4 Quartzite,  light-olive-gray  to  yellow-gray  (.5Y,5/2  to  5Y7/2),  predomi- 
nantly medium  and  coarse  grained;  coarse  sand  is  well  rounded, 
finer  sand  texture  largely  obscured  by  silica  cement.  Fair  to  poor 
sorting,  eery  hard  and  tight,  locally  limonitic  in  weathered  zone. 
Irregularly  medium  bedded,  in  part  crossbedded.  Minor  amount  of 
interbedcled  shale,  light-olive-gray  (5Y,5/2),  very  silty,  locally  very 
finely  sandy,  micaceous,  poorly  fissile. 

3 Interbedcled  cpiartzite  (80  percent)  and  shale.  Quartzite  is  yellow  gray 
to  light  olive  gray  (,')Y7/2  to  5Y,'5/2),  fine  to  coarse  grained,  poorly 
sorted,  with  scattered  limonite  spots  < 3 mm  in  diameter  and 
flattened  shale  pebbles  in  lower  4 feet  (<;  1 inch  in  diameter,  < 1 
inch  thick,  well  rounded),  similar  to  underlying  shale.  Medium 
bedded,  with  planar  crossbedding  and  occasional  very  thin  discon- 
tinuous siltstone  laminae.  .Shale  is  light  olive  gray  to  pale  olive  gray, 
and  locally  very  finely  sandy,  slightly  micaceous,  poorly  fissile. 

2 Interbedcled  cpiartzite  (80  percent)  and  shale.  Quartzite  is  yellowish 
gray  to  light  olive  gray  (.'5Y7/2  to  .5Y5/2),  weathers  rusty  orange, 
fine  and  medium  grained,  locally  coarse  grained,  irregularly  medium 
bedded,  faintly  crossbedded,  very  hard  and  tight,  with  occasional 
burrows.  Shale  is  olive  gray  to  light  olive  giay  (.'cY3/2  to  5Y5/2), 
very  silty,  slightly  micaceous,  fairly  fissile,  medium  to  very  thin 
bedded  (<^  4 inches  thick). 

1 Interbedcled  cpiartzite  (60  percent)  and  shale.  Quartzite  is  light  olive 
gray  (5Y,5/2),  weathers  dark  yellow  orange  to  rusty  light  brown 
(10YR6/6  to  ,5YR4/4);  fine  to  coarse  grained,  predominantly  medium 
grained,  slightly  limonitic  on  weathered  surface,  medium  bedded, 
crossbedded  with  planar  and  trough-type  crossbeds;  very  hard  and 
tight.  Shale  is  predominantly  light  olive  gray  to  yellow  brown,  locally 
medium  gray  (,'5^'.’5/2  to  5Y5/4,  N5),  very  silty,  giading  laterally  to 
siltstone. 


Thickness 

(feet) 


10.5 


12.5 


5.5 


10.0 


10.5 
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LOCALITY  2.  LOST  CREEK  RIDGE 

The  most  productive  mineral  extraction  activity  in  the  Millerstown 
quadrangle  at  the  present  time  is  the  Juniata  Limestone  Company 
quarry  on  Lost  Creek  Ridge.  I’his  quarry  is  located  in  Fayette  Township, 
Juniata  County,  in  the  northwest  corner  of  the  Millerstown  7i/9-minute 
quadrangle  (Figure  101).  The  rocks  (|uarried  here  include  the  upper 
15  feet  (4.6  m)  of  the  Silurian  Tonoloway  Formation  and  the  lower 
46  feet  (14  m)  of  the  overlying  Silurian  and  Devonian  Keyser  Formation. 
An  additional  17  feet  (5.2  m)  of  the  Keyser  Formation  which  is  unsuit- 
able for  commercial  use  is  stripped  from  aljove  along  with  a thin  over- 
burden of  soil.  Although  neither  the  Keyser  nor  the  Tonoloway  Forma- 
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ijCTION 


itlSalem 


Figure  101.  Location  of  measured  section  in  Keyser  and  Tonolo- 
way Formations  on  Lost  Creek  Ridge. 
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tioii  is  completely  exposed  here,  the  section  is  incltided  in  this  report 
because  ol  the  excellent  exposure  and  its  economic  imirortance  (Figures 
18  and  19). 

I'his  section  was  meastired  on  the  north  wall  ol  the  cjnarry,  at  a point 
some  600  leet  (183  m)  east  ol  77°15'  west  longitude  and  200  feet  (61  m) 
sotith  ol  10°37'30"  north  latitude.  Access  to  the  section  was  possible  along 
a ramp  lecently  cut  through  the  north  wall. 

I’he  strata  here  are  very  nearly  horizontal,  situated  on  the  crest  of  the 
flat-topped  Lost  Creek  anticline.  The  78-foot  (24-m)  interval  measured 
is  100  percent  exposed.  This  interval  includes  approximately  half  of  the 
total  thickness  of  the  Keyset  Formation,  and  perhaps  three  percent  of  the 
underlying  I’onoloway  Formation.  The  section  w’as  measured  and  units 
numbered  from  the  base  to  the  top,  and  is  described  below  in  the 
descentling  order. 


Keyset-  Formation  (63  feci  (19  m)— incomplete) 

Unit 

1 Limestone,  mcdinm-dai k-grav  (N4).  weathers  vellow  gray  (5'\'6/2), 
microcrystalline,  argillaceous,  slightlv  siltv,  fossiliferotis.  Irregularly 
bediled,  medium  heddetl  in  lower  half,  thin  bedded  above.  Very 
nodular,  'lumpy,"  fairlv  hard  and  tight.  Skeletal  material  includes 
disarticulatetl  fragments  of  brachiopotl  and  pclecypod  shells,  crinoid 
columnals,  and  ostracods. 

6 Limestone,  medium-gray  (N.a),  skeletal  micritic  calcarenite,  locally 
argillaceous,  thick-bedded.  Becomes  \erv  cobblv  to  nodular  where 
weathered.  Fossil  material  is  mainly  broken  shell  fragments.  Forms 
prominent  ledge  at  top  of  quarry  wall. 

5 Limestone,  medium-grav  fSh).  microcrvstalline,  slightlv  argillaceous, 
haul  and  tight.  Medium  and  thick  bedded  on  fresh  exposure; 
weathers  to  medium  and  thin,  very  irregular  cobbly  beds  1 to  6 
inches  thick. 

4 Limestone,  medium-grav  (Sli),  microcrystalline,  hard  and  tight. 
Irregular  medium  bedding. 

3 Limestone,  medium-grav  to  medium-dark-gray  (N4  to  N5),  micro- 
crvstallinc,  fossiliferous,  thick-bedded  (2  to  I feet  thick),  irregularly 
fiat  bedded.  Fossil  material  not  identifiable  on  fresh  exposures. 

2 Limestone,  medium  datk  gray  (N4),  microcrystalline  to  very  finely 
crystalline,  hard  and  tight.  Thin  and  medium  bedded  (1  to  1 itiches 
thick),  irregular  bedding.  Occasional  fluorite  veins,  coarse  crystalline 
aggregates,  grav-pnrple  (.'5P4/2)  to  colorle.ss. 

1 I.imestone,  dark-gTay  (\3  to  N4),  microcrystalline,  locally  slightlv 
argillaceous,  with  occasional  white  calcite  veins:  slightly  fossilif- 
erous, medium  and  thick  bedded  (1  to  4 feet  thick),  planar  bedded, 
tight. 


Thickness 

(feet) 


17.0 


3.0 


5.0 

8.0 

13.0 


2.0 


15.0 


Totioloway  Formation  (15  feet  (5  m)— incomplete) 

3 Limestone,  dark-grav  (N3).  microcrvstalline.  slightlv  fossiliferous, 
thin-laminated,  tight.  Fauna  includes  scattered  brachiopotl  and 
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pelecvpod  shells.  Unit  includes  a one-inch  thick,  medium-olive-gray 
(5Y5/1),  calcareous,  fossiliferous,  ver\  fissile,  soft,  paperv  shale  bed 
at  the  top.  4.5 

2 Limestone,  medium-giay  (N5),  weathers  yellowish  gray  (5V7/2)  to 
pale  yellow  brown  (lOYRG/2);  microcvystalline,  slightly  argillaceous, 
very  thin  bedded,  flat-bedded,  slightly  fissile.  This  unit  is  a con- 
spicuous bed  which  can  be  traced  around  the  entire  perimeter 
of  the  c]tiarry.  1.0 

1 Limestone,  medium-dark-gray  (N4),  microcrystalline,  part  thinly 
laminated,  part  massive,  hard  and  tight.  Locally  stvlolitic,  with  few 
possible  algal-mat  structtires.  9.5 

LOCALITY  3.  WARDVILLE  DEVONIAN  SECTION 

This  stratigraphic  section  was  measured  in  Lower  and  Middle  Devo- 
nian rocks  in  the  valley  between  Lock  and  I'urkey  Ridges,  along  Coco- 
lamus  Creek  0.3  mile  (0.5  km)  north  of  a road  junction  kitown  as  Ward- 
ville  (Figure  102).  The  section  lies  in  Greenwood  Township,  Perry 
County,  in  the  Millerstown  Ti/Cminute  cjuadrangle,  and  was  measured 
by  D.  M.  Hoskins  and  }.  P.  Wilshusen  in  1904  and  slightly  modified  by 
the  authors.  The  measured  section,  in  north-dipping  beds,  includes  the 
Needmore,  Selinsgrove,  and  Tioga  Members  of  the  Onondaga  Formation 


Figure  102.  Location  map,  Wardville  Devonian  section. 
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(Figure  24),  tlie  Marcellus  Formation  (Figure  25),  the  'Furkey  Ridge 
Member,  and  a part  of  the  Dalmatia  Member  of  the  Mahantango  Forma- 
tion. The  attitude  of  the  l)eds  is  quite  consistent  across  tlie  measured 
section,  with  the  strike  averaging  N79E  and  the  dip  44  degrees  to  the 
north.  1 hickness  of  stratigraphic  tinits  and  proportion  of  covered  inter- 
vals are  given  in  I’able  35. 

The  base  of  the  section  is  located  on  the  east  bank  of  the  stream,  4,900 
feet  (1,494  m)  west  of  77°07'30"  west  longitude,  and  1,350  feet  (411  m) 
north  of  40°35'  north  latitude.  The  top  of  the  section  is  at  the  top  of 
Turkey  Ridge,  4,600  feet  (1,402  m)  west  of  77°07'30"  west  longitude  and 
2,000  feet  (610  m)  north  of  40°35'  north  latitude. 

The  units  in  each  formation  are  numbered  from  bottom  to  top;  the 
section  is  described  below,  beginning  with  the  highest  unit. 

Mahantango  Formation  (2b9  feet  (79  m)  — incomplete) 

Dalmatia  Member  (180  leet  (bb  m)— incomplete) 

Thickness 


Unit  (feet) 

35  .Sandstone,  light-olive-giay  (5V6/I),  mostly  Fine  grained,  poorly 

sorted,  few  medium  grains,  medium  liedded  (I  to  6 inches).  Lower 
part  of  unit  is  very  fine  grained,  crosshedded.  Unit  is  on  oi'ergrown 
logging  road  at  crest  of  hill.  20.0 

34  Sandstone,  medium  light-gray  (N6),  fine-grained,  mediiim-hedded, 

scattered  exposures  in  covered  interval.  Eighty-five  percent  covered.  75.0 

33  .Sandstone,  light-olive-grav  (55'6/l),  very  fine  to  fine-giained,  thin- 
to  medium-bedded  (Vs  to  2 inche,s).  Some  2-inch  beds  are  fissile. 

The  lower  3 feet  is  crossfiedded  and  massive,  hut  becomes  platv 
laterally.  Twenty-five  percent  covered.  20.0 

32  Covered.  Slope  wash  is  sandstone  similar  to  overlying  units.  65.0 


Turkey  Ridge  Member  (79  feet  (24  m)— complete) 

31  Sandstone,  light-olive-gray  (5Y6/1).  fine-graiiied,  medium-bedded 

(2  inches),  platv  weathering,  30  percent  covered  at  base. 

30  Sandstone,  greenish-gray  (5C5'6/1),  fine-grained,  few  medium  grains, 
poorly  sorted,  medium-  to  thick-bedded  (2  to  18  inches),  generally 
massive,  crudely  crosshedded. 

29  Sandstone,  light-olive-gray  (5V'6/1),  line-  to  medium-grained,  poorly 
sorted,  medium-  to  thick-bedded  (3  to  24  inches),  crossbetkled  near 
top.  Fifty  percent  covered. 

28  Sandstone,  light-olive-grav  (5Y6/1).  very  fine  to  medium-grained 

(tipper  half  verv  fine  to  fine  grained),  poorly  sorted  in  lower  half, 
medium-bedded  (2  to  8 inches),  crudely  crosshedded.  l^pper  half  is 
cliff  former.  Lower  half  partially  covered.  Spheroidal  weathering 
pits  2 feet  by  3 feet  in  upper  beds. 

27  .Sandstone,  light-olive-grav  (5Y6/1),  fine-  to  medium-grained,  poorly 

sorted,  medium-bedded  (1  inch  to  12  inches),  crudely  crosshedded 
with  disrupted  bedding  near  center  of  unit;  massive  cliff  former. 

26  Covered . 


4.5 

8.0 

6.0 


18.5 


15.5 

14.0 
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Unit 

25  Sandstone,  liglit-olive-gray  (5^'6/l)  grading  down  to  medium  dark 
gray  (N4),  very  fine  to  Hnc-grained,  medium  Iredded  (1  inch  to  4 
inche.s),  crudelv  crossbedded.  Exfoliation  on  bedding  planes  through- 
out member.  Twenty  percent  covered. 

Marcellus  Formation  (106  feet  (32  m)— complete) 

24  Covered. 

23  Shale,  grayish-black  (N2),  well-developed  joint  surfaces  weather  dark 

yellowish  orange  (10YR6/6);  fissile.  Limestone  nodules  occur  52  feet 
below  top.  Weathered  clay  nodules  (siderite  concretions)  with  lime- 
stone in  the  center  occur  26  feet  and  40  feet  above  Tioga  K-hentonite. 
Twenty-five  feet  above  the  bentonite,  a 4-inch  calcareous  claystone 
occtns.  Claystone  is  dark  gray  (N3)  and  weathers  to  a dusky-brown 
(5YR2/2)  clay.  Limestone  nodules  occur  14  inches  above  claystone 
{see  Figure  25), 

Onondaga  Formation  (166.7  feet  (50.8  m)— complete) 

Tioga  beds  (4.5  feet  (1.4  m)— complete) 

22  MetabentOTiite.  Clay,  1 inch,  meditim-dark-giay  (N4)  to  brownish- 
gray  (5YR4/I).  Clay,  2 inches,  dark-yellowish-brown  (10YR4/2), 
weathers  dark  yellowish  orange  (105'R6/6);  sandstone,  4 inches, 
weathered,  micaceous,  meditim-gray  (N5),  flecked  yvith  fine-grained, 
well-sorted,  very  light  gray  (N8)  satidstone.  .Siltstone,  1 inch,  very 
fine  grained,  grayish  black  (N2).  .Shale,  2 inches,  clayey,  grayish- 
black  (N2).  Clay,  5 inches,  olive-black  (5Y2/1). 

21  Limestone,  1.25  feet,  dense,  dark-gray  (N3).  Co\ered,  0.3  foot,  prob- 
ably shale.  Limestone,  1.25  feet,  dense,  medium-dark-gray  (N4). 

20  Metahentonite(?).  Shale,  0.5  foot,  fissile,  grayish-black  (N2),  calcite(?) 
in  weathered  fractures.  Sandstone,  0.1  foot,  very  fine  grained, 
micaceous,  olive-gray  (.5Y4/1).  Sandstone,  0.2  foot,  clayey,  micaceous, 
weathered.  Sandstone,  0.1  foot,  \ery  fine  grained,  micaceotis,  olive- 
gray  (5Y4/1).  Shale,  0.1  foot,  clayey,  grayish-black  (N2),  calcite(?) 
in  weathered  fractures. 


Thickness 

(feet) 


12.5 

31.0 


75.0 


1.2 

2.3 


1.0 


Selinsgrove  Member  (91.2  feet  (29  m)— complete) 

19  Limestone,  dark-gray  (N3),  finely  crystalline,  argillaceous,  siliceous 
pellets  weather  out  giving  sttrface  a rotigh  texttire.  Grades  into 


unit  18.  0.3 

18  LimestOTie,  medium-dark-gray  (N4),  very  finely  crystalline,  dense, 

lower  0.1  foot  shaly.  0.4 

17  Limestone,  dark-gray  (N3),  finely  crystalline:  single  bed  with  com- 
minuted fossil  debris  on  surface  {see  Figure  24).  1.0 

16  Shale,  grayish-black  (N2),  calcite(?)  in  weathered  fracttires.  0.3 

15  Limestone,  meditim-dark-gray  (N4),  finely  crystalline,  medium- 

bedded  (4  to  5 inches),  intercalated  with  calcareous,  medium-dark- 
gray  (X4)  shale.  I’pper  surface  of  unit  is  reniform.  1.3 

14  Limestone,  medium-dark-gra\  (X4),  finely  crystalline;  lower  0.2  foot 

becomes  shalv  and  dark  gray  (N3).  Upper  surface  reniform.  2.0 

13  Limestone,  finelv  crystalline,  3-inch  platy  calcite  bed  at  Irase.  0.8 

12  Limestone,  medium-dark-gray  (N4).  Llpper  1 inch  is  shaly,  dark-gray 

(N3)  limestone  showing  distinct  cleavage.  0.8 
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Thickness 

Unit 

(feet) 

11 

Limestone,  medinm-dark-gray  (N4).  I'ppei  1 incli  is  slialv  and  shows 
distinct  clea\age. 

1.8 

10 

Limestone,  medinm  gray  (N5),  linely  crystalline,  thin-  to  medium- 
bedded  (<  1 inch  to  2 inches),  lumpy  texture  with  disrupted  betiding 
in  center  of  unit. 

,5.0 

9 

Covered. 

3.0 

8 

Limestone,  medium-dark-gTav  (N4),  alternating  with  shale,  8-  to 
10-inch  beds,  calcareotis.  Seventv-live  percent  covered. 

15.0 

7 

Limestone,  medinm-datk-grav  (Nl),  medium-  to  thick-bedded  (6  to 
12  inches),  fractined  nttrmal  to  betltling.  Some  beds  separated  by  2- 
to  4-inch  calcareotis  shales  which  increase  in  amount  in  upper  part 
of  unit,  iqrper  shales  are  6 inches  thick  and  upper  limestones 

2 to  4 inches,  Lwentv  percent  covered. 

14.0 

6 

Limestone,  dark-gray  (N3),  verv  finely  crystalline,  platy  weathering, 
contains  several  1-foot  interbeds  of  medium-gray  (X5)  finely  crystal- 
line limestone.  I’jtper  beds  shaly. 

10.0 

5 

Cov  ered. 

5.5 

4 

Limestone,  medinm-grav  (X.S),  thin-  to  medium-bedded,  blocky 
weathering.  Lower  2 feet  shaly.  Prominent  4-inch  zone  of  3-inch 
limestone  nodules  2. ,5  feet  above  base. 

9.0 

3 

Limestone,  medinm-dark-gray  (\4),  very  finely  crystalline,  medium- 
bedded  (6  to  8 inches),  alternating  with  daik-gray  (N3),  calcareous, 
silty  shale.  Shale  beds  arc  1 foot  thitk  near  top,  4 feet  thick  near 
base.  Lower  limestone  beds  are  platv  and  argillaceous. 

24.0 

Needmore  Member  (68.0  feet  (21  m)— incomplete) 

2 

Shale,  medium-gray  (N.'i)  to  meditim-light-gray  (N6),  fissile,  calcare- 
ous. Few  shaly  limestone  beds  in  gradational  contact  with  shale. 
Limestone  > .a  percent.  Fossils  in  3-inch-thick  limestone  lens  1 foot 
above  base.  Scattered  fo.ssils  in  shale. 

23.0 

1 

Shale,  medium-gray  (N.a)  to  light-olive-gray  (5Y6/1),  olive-gray 
(aY4/l)  near  base,  fissile,  noncalcareons. 

45.0 

LOCALITY  4.  DONNALLY  MILLS 

The  only  'Turkey  Ridge  Meniljer  exposure  in  this  area  in  which  both 
the  top  and  base  can  be  seen  is  along  county  road  50005  where  it  follows 
Buckwheat  Run  through  Raccoon  Ridge  south  of  Donnally  Mills,  Penn- 
sylvania. This  village  is  located  5 miles  west  of  Millerstown  in  Perry 
County,  in  the  Millerstown  7Vl;-inintitc  qtiadrangle. 

The  section  extends  from  a ])oint  0.3  mile  south  of  the  junction  of 
this  road  with  Pa.  Route  17  southward  along  the  west  side  of  the  road  to 
a prominent  sandstone  outcrop  sotith  of  the  sotith  end  of  a small  aban- 
doned (piarry.  This  tptarry  is  located  approximately  -1,200  feet  (1,2H0  m) 
east  ol  77°15'  west  longitude  and  -1,500  feet  (1,372  m)  north  of  40°30' 
north  latitude  (Figure  103).  The  section  is  328  feet  (100  m)  thick,  and  is 
75  percent  exposed.  The  average  strike  of  the  rocks  here  is  N6-4E,  and 
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Figure  103.  Location  map,  Donnally  Mills  Devonian  section. 

the  dip  is  to  the  south  at  56  degrees.  The  line  of  exposure  is  approxi- 
mately normal  to  the  strike  direction. 

The  lower  125  feet  of  the  Fisher  Ridge  Memlter  of  the  Mahantango 
Formation  can  be  seen  here,  which  is  the  most  complete  exposure  of  this 
member  available  in  this  quadrangle  at  the  present  time  (see  Figure  2H). 
Thicknesses  of  stratigraphic  units  and  proportion  of  covered  intervals 
are  summarized  in  Table  36. 

The  section  was  measured  from  the  bottom  to  the  top,  and  is  descril)ed 
below,  beginning  with  the  highest  unit. 

Mahantango  Formation  (321.0  feet  (98  m)— incomplete) 

Montebello  Member  ((5.0  feet  (1.8  m)— incomplete) 


Unit 

11  Sandstone,  light-olive-gray,  fine-  to  verv  fine  grained,  siliceous,  thick- 
bedded,  planar-liedded,  locally  coarse  grained:  giain  size  increases 
upwards  within  beds, 

Fisher  Ridge  Member  (191  feet  (.58  m)— complete) 

10  Covered, 

9 Interlaminated  siltstone  and  shale  exposed  in  quarry,  Siltstone  is 
medium  olive  gray  (5^'5/l  to  ,5Y4/2),  slightlv  siliceous,  argillaceous, 
verv  fiiielv  sandv  in  lower  half,  locally  calcareous  in  upper  half. 
Laminations  I mm  to  1 cm  thick,  locally  ripple  marked.  Shale  is 
dark  olive  gray  to  olive  black  (,")Y2/1  to  .5Y3/1),  slightly  silty,  highly 
fissile,  possibly  slightly  carbonaceous,  in  laminations  1 mm  thick; 
forms  approximately  20  percent  of  unit.  Color  gradually  changes  to 
dark  gray  (\2  to  \4)  in  upper  half.  Tyvo  prominent  steeply  dipping 
joint  sets  are  present  in  this  unit;  J1  strikes  N24\V,  dips  83VV'.  J2 
strikes  N23\V,  dips  85E.  See  Figure  2S. 


Thickness 

(feet) 


6.0 


66.0 


12,5.0 
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Turkey  Ridge  Member  (121.0  feet  (38  m)— complete) 


Unit 

8 Saiiclstoiie,  mediiim-olive-gray  (5Y5/1  to  5V4/2),  fine-  and  very  fine 
grained,  locally  silty,  slightly  siliceous,  fairly  porous,  medium-bedded, 
planar-bcdded. 

7 Covered. 

6 Santlstone,  medium-  to  ligbt-olive-gray  (5Y5/1  to  5Y6/1),  very  fine 
grained,  locally  very  fine  to  medium  grained,  slightly  siliceous, 
slightly  limonitic,  slightly  porous.  Irregularly  medium  bedded,  upper 
half  is  partly  covered. 

5 .Siltstone,  light-broyvn  to  pale-yellowish-brown  (,5YR6/4  to  10YR6/2), 

weathers  yellow  orange  (10YR7/6),  argillaceous,  locally  very  finely 
sandy,  thin-  and  very  thin  bedded,  with  laminae  of  very  fine  sand- 
stone and  shale.  The  shale  laminae  are  pale  yellow  brown  (10YR6/2), 
siltv,  have  dull  to  subwaxv  luster,  are  fairly  fissile,  in  regtdar  lamina- 
tions 1 mm  thick.  Lhiit  is  highly  contorted,  and  is  lithologically 
similar  to  the  upper  beds  in  the  underlying  Marcelhis  Formation. 

4 Sandstone,  light-  to  medium-olive-gray  (,5Y5/1  to  .5Y6/1),  very  fine 
grained,  silty,  siliceous,  hard  and  tight,  medium-bedded,  locally 
crossbedded,  with  occasional  thin  interbeds  of  light-olive-gray  argil- 
laceous siltstone. 


Thickness 

(feet) 


1.0 

60.0 


25.0 


8.0 


30.0 


Marcelhis  Formation  (79.0  feet  (24  m)— incomplete) 

3 Intcrlaminated  shale  and  siltstone.  Shale  is  medium  dark  gray  (N4), 
weathers  light  olive  gray  (5Y6/I)  to  "buff";  is  finely  silty,  slightly 
carbonaceous,  fairly  fissile:  has  dull  luster.  Siltstone  is  gray  orange 
(l05’R7/4),  argillaceous,  slightly  limonitic.  Unit  includes  laminae 
and  interbeds  up  to  6 inches  thick  of  sandstone,  light-brown  to 
dark-yellow-orange  (5YR6/4  to  5YR6/6),  very  fine  grained,  silty, 
slightly  siliceous  and  limonitic,  fairly  porous,  thin-bedded,  planar- 
bcdded.  Sandstone  comprises  less  than  10  percent  of  unit.  The  bed- 
ding in  the  upper  few  feet  of  the  unit  is  somewhat  contorted,  and 
reflects  irregularities  on  the  sole  of  the  overlying  sandstone.  21.0 

2 Covered.  Float  resembles  enclosing  strata.  22.0 

1 Shale,  very  dark  gray  to  black  (Nl  to  N2),  locally  brownish  black 
(5YR2/I),  pure  to  very  finely  silty,  carbonaceous,  moderately  hard 
and  fissile.  36.0 


LOCALITY  5.  SHADLE 

The  Shadle  section  includes  most  of  the  Montebello  and  Sherman 
Ridge  Members  (including  the  “Shadle  sandstone”)  of  the  Middle  Devo- 
nian Mahantango  Formation.  The  section  was  measured  along  the  east 
side  of  Pa.  Route  104  at  the  village  of  Shadle,  Pennsylvania,  in  Perry 
Township,  Snyder  County.  The  base  of  the  section  is  at  the  first  road 
intersection  north  of  Shadle,  and  the  top  is  south  of  Shadle  at  the  junc- 
tion of  Pa.  Route  104  with  county  road  54010,  as  shown  in  Figure  104. 
This  area  is  in  the  Dalmatia  7i/2-minute  quadrangle  approximately  one- 
half  mile  from  the  east  edge  of  the  Millerstown  15-minute  (Richfield 
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Figure  104.  Location  map,  Shadle  Devonian  section. 


7i/2‘niinute)  quadrangle,  in  a small  valley  formed  where  the  north  branch 
of  Mahantango  Creek  crosses  Forrey  Ridge  (Figure  34).  Thicknesses  of 
stratigraphic  units  and  proportions  of  covered  intervals  are  given  in 
Table  37. 

I'he  base  of  this  section  is  located  1,800  feet  (549  m)  east  of  77°00' 
west  longitude,  and  500  feet  (152  m)  south  of  40°42'30"  north  latitude. 
The  top  of  the  section  is  approximately  2,400  feet  (732  m)  east  and  1,850 
feet  (564  m)  south  of  the  same  coordinates.  There  is  269  feet  (82  m)  of 
Monteltello  Formation  present  in  this  section,  of  which  232  feet  (71  m), 
or  86  percent,  is  exposed.  The  lower  523  feet  (160  m)  of  the  Sherman 
Ridge  Member  is  included  in  this  section,  of  which  320  feet  (98  m),  or  61 
percent,  is  exposed.  This  includes  the  73-foot  (22-m)  -thick  “Shadle  sand- 
stone,” which  is  100  percent  exposed. 

I’he  “Shadle  sandstone”  is  an  informal  name  for  the  lower,  upward- 
coarsening  sandstone  and  siltstone  cycle  in  the  Sherman  Ridge  Member. 
The  “Shadle  sandstone”  has  a fairly  local  extent  and  is  probably  not 
traceable  very  far  beyond  the  borders  of  the  Millerstown  and  Millersburg 
15-minute  quadrangles.  The  strike  of  the  rocks  varies  from  N73E  to 
N86E,  and  the  dip  ranges  from  3 IS  to  40S.  The  exposure  trends  approx- 
imately in  the  dip  direction,  which  facilitates  measurement  of  bed  thick- 
nesses. The  top  of  the  section  is  approximately  50  feet  (15  m)  below  the 
top  of  the  Sherman  Ridge  Member. 

Mahantango  Formation  (792.0  feet  (241  m)— partial) 

Sherman  Ridge  Member  (523.0  feet  (159  m)— partial) 

Upper  shaly  beds  (273.0  feet  (83  m)— partial) 

Unit 

38  Claystone.  mottled  olive-gray  and  dark-gray  (5Y3/1  to  5Y4/1),  silty, 
fossiliferoiis,  splintery,  medium-  to  thin-bedded.  Units  include  a few 


Thickness 

(feet) 
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Unit 

thin  beds  of  sandstone,  light  olive  gray  {5Y(j/l),  very  fine  to  fine- 
grained, planar-bedded,  very  thin  hedded,  with  clav  partings  on 
bedding  planes.  Unit  is  highly  burrowed,  and  fauna  includes  well 
preserved  crinoids.  Fifty  percent  covereil.  Upper  pari  is  well  exposed 
in  a new  excavation  behind  a house  at  the  junction  of  county  road 
54010  with  Pa.  Route  104. 

37  Covered  interval.  Float  is  medium-gray  splintery  shale. 

36  Shale  and  clavstone,  olive-gray  (5Y4/1),  weathers  medium  g^ray  (N5), 
pure  to  very  finely  siltv,  splintery,  locally  fairly  hssile. 

35  Covered. 


Thickness 

(feet) 


87.0 
146.0 

36.0 
4.0 


“Shadle  sandstone"  beds  (72.0  feet  (22  m)— complete) 

34  Sandstone,  medium-giav  to  medium-dark-gray  (N4  to  N5),  weathers 
light  olive  gray  (5Y6/1);  very  finegrained,  locallv  fine  giained  to  silty, 
becomes  coarser  toward  top.  slightly  calcareous  and  siliceous,  medium 
and  thick  bedded,  planar  liedtled,  hard  and  tight.  See  Figure  34. 

33  Sandstone,  medium-dark-gray  (N4),  very  fine  grained,  siltv,  slightly 
argillaceous  aiul  calcareous,  medium-  to  thick-bedded,  planai  -liedded, 
hard  and  tight.  Poorly  preserved  symmetrical  ripple  marks  trend 
N60E.  Top  of  unit  is  at  base  of  Pa.  Route  104  sign. 

32  Siltstone,  medium-dark-gTav  (N4),  argillaceous,  locallv  becoming  very 
finely  sandy,  with  occasional  2-inch  lenses  of  saiulstone,  rusty-brown, 
very  fine  grained,  siltv,  hematitic,  very  hard,  nodular. 

31  Siltstone,  meditim-dark-gray  (X4),  argillaceous,  medium-bedded, 
partly  calcareous,  locallv  giadiug  to  siltv  clavstone. 

Lower  shaly  beds  (178.0  feet  (54  m)— complete) 

30  Shale,  medium-dark-gray  to  olive-gray  (\4  to  5Y4/1),  silty,  fossilif- 
erous  (fauna  predominantly  brachiopods),  grades  upward  into  silty 
clavstone  and  argillaceous  siltstone,  with  occasional  laminae  of  very 
fine  sandstone. 

29  Covered  interval  hehind  huilding.  Dirt  road  leads  into  woods  to 
the  east. 

28  Clavstone,  olive-gray  (554/1),  micaceous,  fossiliferous,  slightly  siltv, 
locally  carbonaceous,  cobbly  to  splintery,  Locallv  poorly  fissile  de- 
pending on  the  degree  of  weathering:  spheroitlal  weathering. 

27  Shale,  olive-grav  (5Y4/1).  slightly  silty,  fossiliferous,  fair  to  poor 
fissilitv.  Fauna  includes  brachiopods,  fish  vertebrae,  and  bone  frag- 
ments, particidarlv  in  the  lower  5 feet. 

26  SandstOTie.  dark-vellow-grav  to  vellow-brown  (55'7/l  to  10YR5/2), 
mottled,  very  fine  grained,  silty,  argillaceous,  grades  upward  into 
sandv  siltstoTie  and  clavstone.  Siltstone  is  dark  yellow  brown 
(10YR4/2),  argillaceous,  locallv  sandv,  with  scattered  medium  to 
coarse  quartz  sand  grains  which  are  well  rounded  and  frosted. 
Fossiliferous,  medium  bedded,  spheroidal  weathering.  Top  is  grada- 
tional with  unit  27. 

Montebello  Member  (269.0  feet  (82  m)— incomplete) 

25  .Sandstone,  light-olive-gray  (o'H’fi/l),  fine-grained,  slightly  siliceous, 
fossiliferous,  single  bed.  Fauna  predominantly  Spirifer  brachiopods. 
See  Figure  30. 


30.0 


24.0 


6.0 

12.0 


30.0 

10.0 

108.0 

25.0 


5.0 


2.0 
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Thickness 

Unit 

(feet) 

24 

Sandstone,  mottleil  olixe-gray,  tnedium-daik-gray,  and  dark-yellow- 
brown  (5Y4/2,  X4,  l()YR4/2j,  very  line  giained,  locally  fine  grained, 
siliceous,  slightly  calcareous,  fossiliferous.  Fauna  predominantly 

Spirifer  brachiopods  in  random  orientation  in  btinowed  sand. 

7.0 

23 

Sandstone,  medium-gray  to  medium-dark-gray  (N4  to  N5),  very  fine 
grained,  siliceous,  slightly  calcareous  on  fresh  exposure,  medium-  to 
thick-bedded,  fossiliferous.  Six-inch  lens  of  skeletal  debris  occurs 

5 feet  below  the  top,  consisting  mainly  of  small  brachiopods  and 

crinoid  columnals. 

15.0 

22 

Sandstone,  similar  to  underlving  unit  21,  but  less  well  exposed. 

Unit  is  30  percent  covered. 

25.0 

21 

Sandstone,  meditim-gray  to  medittm-dark-gray  (N4  to  N5),  weathers 
light  olive  gray  (55’6/l);  very  fine  to  fine-grained,  siliceous,  locally 
slightly  calcareotis,  medium-bedded,  planar-bedded.  Appears  to  be 
well  sorted  and  homogeneous,  but  texture  is  largely  obscured  by 

cement. 

20.0 

20 

Sandstone,  medium-dark-gray  to  light-olive-gray  (N5  to  5Y6/1),  very 
fine  grained,  siliceous,  locally  argillaceotts,  meditim-bedded,  planar- 
bedded,  fossiliferous,  with  large  brachiopod  shells  and  clay-filled 

burrows. 

24.0 

19 

Interbedded  sandstone  (50  percent)  and  shale.  SaTidstone  is  in  alter- 
nating layers  of  medium  giay  and  metlitim  dark  gray  (N4,  N5),  very 
fine  grained,  locally  grading  to  silt,  siliceous,  localh  argillaceous  and 
slightiv  micaceous,  medium  and  thin  bedded,  planar  bedded,  ripple 
marked,  hard  and  tight,  locally  burrowed.  Shale  is  medium  dark 
gray  (N4),  silty  to  very  finely  sandy,  locally  micaceous,  poorly  fissile. 

Ihiit  contains  a few  well-preserved  cephalopod  shells. 

17.0 

18 

Sandstone,  olive-gray  (55’4/l),  very  fine  to  fine-grained,  siliceous, 
locally  argillaceotts,  with  irregular  clay-lined  burrows.  Medium 

bedded,  planar  betlded. 

11.0 

17 

Covered. 

3.0 

16 

Sandstone,  medium-light-gray,  very  fine  grained,  siliceous,  medium- 

bedded,  planar-bedded,  hard  and  tight. 

5.0 

15 

Sandstone,  olive-grav  (5Y4/1),  very  fine  grained,  silty,  micaceous, 
siliceous,  locally  argillaceous,  with  traces  of  hematite,  becoming 
limonitic  in  weathered  zone,  medium-bedded,  planar-bedded. 
Poorlv  developetl  ripple  marks,  btirrows,  and  scattered  crinoid 

columnals. 

22.0 

14 

Interbedded  sandstone  (80  percent)  and  shale  (20  percent).  Sand- 
stone is  light  olive  gray  (5Y6/1),  very  fine  grained,  slightly  siliceous, 
argillaceotts,  locally  micaceotts,  thin  bedded,  has  interference  ripple 
marks,  rare  crinoid  columnals,  and  buiTOWs  parallel  to  bedding 
planes.  Shale  is  olive  gray,  sandy  to  siltv,  in  zones  less  than  2 inches 

thick. 

15.0 

13 

Shale,  olive-gray  (5Y6/1),  silty  to  saTidv,  with  interbedded  medium- 
light-gray  (N.5),  very  fine  grained  sandstone  in  irregular  beds  less 

than  1 cm  thick. 

2.0 

12 

.Sandstone,  meditim-light-gray  (N5),  very  fine  grained,  locally  fine 
grained,  siliceotts.  medium-bedded,  flat-bedded,  very  hard  and  tight. 

Texture  obsettred  by  cement. 

11.0 
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Thickness 

Unit  (feet) 

11  Sandstone,  light-oli\e-grav  (,5V()/1),  verv  fine  grained,  slighth  sili- 
ceous and  argillaceous,  thin-  and  verv  thin  bedded,  planar-bedded, 
lower  2 feet  covered.  3.0 

10  Sandstone,  light-grav  (N'7),  weathers  light  olive  giav  (jV6/l):  verv 
fine  grained,  siliceous,  with  occasional  flattened  dark-grav,  silty  clav 
pebbles  less  than  1 mm  thick  and  2 cm  long.  5.0 

9 .Sandstone,  light-oli\e-grav  (5Y6/I),  \ erv  hue  to  fine-grained,  siliceous, 
locally  limonitic  in  weathered  zone,  very  thin  and  thin-l>edded. 
ripple-marked,  hard  ami  tight.  5.0 

8 Shale,  light-olive-grav  to  dark-vellow-brown  (55'6/l  to  10YR4/2), 

siltv.  Interbedtled  sandstone,  light-olive-giav,  very  fine  grained, 
silty,  in  verv  thin  beds.  25.0 

7 Sandstone,  light-olii  e-grav  (5Y6/1),  very  fine  grained,  siliceous, 

thick-bedded  to  massive,  limonitic  in  weathered  zone,  verv  hard 
and  tight.  10.0 

6 Corered.  13.0 

5 Sandstone,  medium  light-grav  to  light-olive-gray  (XO  to  55  6/ 1), 

verv  fine  grained,  argillaceous,  siliceous,  thin-  and  verv  thin  bedded, 
haril  and  tight.  I'nit  includes  discontinuous  laminae  and  lenses  of 
olive-grav  (55' 1/1)  shale.  3.0 

4 Covered.  11.0 

3 Sandstone,  light-olive-grav  (55'(i/l),  \erv  fine  giained,  siliceous, 

medium-bedded,  hard  and  tight.  5.0 


2 Interbedded  shale  (80  percent)  and  sandstone  (20  percent).  Shale  is 
light  olive  brown  to  moilerate  vellow  brown  (55'5/()  to  105R5/4), 
generally  silty,  localh  sandv.  Sandstone  is  light  olive  gray  (55'(i/l), 
argillaceous,  thin  bedded,  with  occasional  carbonaceous  clay  pebbles.  4.0 

1 Sandstone,  light-olive-grav  (55’6/l).  verv  fine  giained,  slightlv  sili- 
ceous, well-sorted,  medium  bedded,  hard  and  tight,  with  occasional 
giay  to  dark-giay  flattened  clav  pebbles  forming  discontinuous 
laminae.  6.0 


APPENDIX  II.  CHEMICAL  AND  SPECTROGRAPHIC 

ANALYSES 

A series  of  wet  chemical  and  qualitative  spectrographic  analyses  of 
selected  rock  units  were  made  as  part  of  the  investigation  of  the  poten- 
tial mineral  resources  of  the  Millerstown  quadrangle.  Seventeen  samples 
from  13  members  of  8 formations  were  analyzed.  All  but  three  were 
channel  samples  which  were  cruslied  and  split  to  insure  that  representa- 
tive samples  were  being  analyzed.  The  three  exceptions  are  samples  136- 
5-9,  136-4--1,  and  136-8-2.  Analytical  techniques  included  wet  chemical 
methods  lor  the  principal  oxides  and  spectrographic  testing  for  trace 
elements  (the  spectrographic  analyses  may  be  inaccurate).  The  analyses 
were  done  by  E.  L.  Conwell  Company  of  Philadelphia. 
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MILLERSTOWN  QUADRANGLE 


SAMPLE  DESCRIPTIONS  AND  LOCATIONS 

Tiiscarora  Formation 

Sample  136-8-2;  Selected  samples  of  light-gray  quartzite,  upper  half  of 
the  Tuscarora  Formation  along  U.S.  Route  22-322,  1.2  miles  (1.9  km) 
north  of  Millerstown.  Tuscarora  units  1 through  30  in  the  Millerstown 
Silurian  section  (Appendix  I,  locality  1).  See  Figures  4 and  5. 

Sample  136-8-3:  Channel  sample  from  the  Tuscarora  Formation  from 
the  above  locality.  Quartzite  and  gray  shale. 

Rose  Hill  Formation 

Sample  136-7-14:  Channel  sample  of  light-olive-gray  shale  and  siltstone 
from  the  lower  shaly  member.  Rose  Hill  units  33  through  41  in  the 
Millerstown  Silurian  section.  Sampled  along  U.S.  Route  22-322,  1.3 
miles  (2.1  km)  north  of  Millerstown. 

Sample  136-7-1:  Blackish-red  hematitic  sandstone.  Cabin  Hill  Member, 
Rose  Hill  unit  61  in  the  Millerstown  Silurian  section.  Sampled  from  a 
prominent  ledge  above  U.S.  Route  22-322  about  2.2  miles  (3.5  km) 
north  of  Millerstown.  See  Figure  10. 

Sample  136-7-15;  Gray  shale  and  siltstone  from  the  middle  shaly  mem- 
ber, Rose  Hill  units  62  through  77  in  the  Millerstown  Silurian  section. 
Sampled  along  the  north  side  of  U.S.  Route  22-322  about  2.6  miles  (4.2 
km)  north  of  Millerstown. 

Sample  136-7-3;  Grayish-red  hematitic  sandstone  from  the  Center  Mem- 
ber, Rose  Hill  units  78  through  94  in  the  Millerstown  Silurian  section. 
Sampled  along  the  north  side  of  U.S.  Route  22-322,  2.7  miles  (4.3  km) 
north  of  Millerstown. 

Sample  136-7-16:  Gray  shale  and  limestone  from  the  upper  shaly  mem- 
ber, Rose  Hill  units  92  through  102  in  the  Millerstown  Silurian  sec- 
tion. Sampled  along  the  north  side  of  U.S.  Route  22-322  about  2.7 
miles  (4.3  km)  north  of  Millerstown.  See  Figure  9. 

Milhintown  Formation 

Sample  136-7-17:  Gray  shale  and  limestone  from  the  Mifflintown  For- 
mation, units  113  through  134  in  the  Millerstown  Silurian  section. 
Sampled  along  the  north  side  of  U.S.  Route  22-322  about  2.8  miles 
(4.5  km)  north  of  Millerstown.  See  Figures  13  and  14. 

Bloomsburg  Formation 

Sample  136-1-17:  Grayish-red  silty  claystone  from  the  Glen  Gery  Cor- 
poration quarry  0.6  mile  (1.0  km)  south  of  Beavertown,  Snyder  County. 
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Channel  sample  trom  a stratigraj^hic  interval  approximately  300  ieet 
thick,  in  a continuous  exposure  across  the  west  end  ot  the  quarry.  This 
section  described  by  Hoskins  (1961,  p.  26-28).  See  Figure  15. 

Tonoloway  and  Keyser  Formations 

Sample  136-4-4:  Gray  limestone,  sample  from  the  Juniata  Limestone 
Company  quarry  on  Lost  Creek  Ridge,  Juniata  County  (.\ppendix  I, 
locality  2).  Composite  sample  taken  from  several  piles  of  crushed  stone 
in  the  quarry.  See  Figures  18  and  19. 

Marcellus  Formation 

Sample  136-5-10:  Grayish-black  hssile  shale,  channel  sample  from  a 
small  abandoned  quarry  on  the  east  side  of  a dirt  road  along  the  east 
side  of  Cocolamtis  Creek  0.3  mile  (0.5  km)  north  of  Wardville,  Perry 
County.  Section  is  described  in  the  Wardville  Devonian  section. 
Appendix  1,  locality  3.  See  Figure  25. 

Sample  136-7-13:  Gray  shale  and  siltstone  from  a 36-foot  unit  near  the 
top  of  the  formation.  Channel  samples  taken  from  unit  1 in  the  Don- 
nally  Mills  Devonian  section  (Appendix  I,  locality  4),  Perry  County. 

Mahantango  Formation 

Sample  136-7-12:  Olive-gray  shale  and  siltstone  from  the  lower  125  feet 
of  the  Fisher  Ridge  Member,  Mahantango  unit  1 in  the  Donnally  Mills 
Devonian  section,  Perry  County.  See  Figure  28. 

Sample  136-5-8:  Light-olive-gray  silty  claystone  (conqjosite  sample)  from 
an  active  quarry  in  the  Sherman  Ridge  Meml^er  at  Kellerville,  Monroe 
Township,  Juniata  County.  See  Figure  53. 

Sample  136-5-9:  Sherman  Ridge  Member  from  the  same  locality  as  the 
above  sample.  Sample  composed  of  selected  fragments  of  light-olive- 
gray  silty  claystone  with  coatings  of  wad  on  fractures.  The  wad  occurs 
as  a bluish-black  encrustation  with  an  adamantine  luster. 

Sample  136-8-18:  Light-olive-gray  silty  claystone  from  an  active  quarry 
in  the  Sherman  Ridge  Member  at  the  intersection  0.9  mile  (1.4  km) 
south  of  the  Millerstown  bridge  on  the  west  side  of  the  Juniata  River. 

Harrell  Formation 

Sample  136-6-11:  Shale,  light-olive-gray  to  dark-olive-gray,  slightly  silty 
to  very  silty,  moderately  fissile  to  splintery,  with  occasional  siltstone 
laminae.  Cihannel  sample  from  an  exposure  at  the  junction  of  Pa. 
Routes  235  and  17,  1.7  miles  (2.7  km)  northw^est  of  Idverpool,  Perry 
County.  See  Figure  37. 
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* Ignition  loss,  nitrogen  atmosphere,  1000  degrees  Centigrade, 
t Values  for  Cr,  Ni,  are  suspiciously  low. 
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APPENDIX  III.  PRELIMINARY  CLAY  EVALUATION 

Since  most  clay  products  undergo  high-temperature  treatment  (firing) 
in  the  manufacturing  process,  preliminary  evaluation  of  clays  and  shales 
includes  two  types  of  firing  tests. 

SLOW-FIRING  TEST 

In  this  test,  the  temperature  is  raised  by  525°  F per  hour  to  1800°  F, 
then  raised  by  125°  F per  hour  to  2300°  F.  Samples  are  removed  at  2000, 
2100  and  2300°  F and  examined  for  color,  hardness,  shrinkage,  absorp- 
tion, specific  gravity  and  bulk  density.  From  these  data  an  evaluation  can 
be  made  of  the  suitability  of  the  clay  for  specific  ceramic  purposes. 
Ceramic  products  are  categorized  into  structural  clay  products  (common 
brick,  face  brick,  decorated  brick,  hollow  tile,  wall  tile,  drain  tile,  roofing 
tile,  floor  tile,  flue  tile,  architectural  terra-cotta  and  sewer  pipe),  refrac- 
tory tiles  and  bricks,  and  pottery  and  stoneware.  Each  category  (or  each 
product  within  a category)  requires  particular  properties  of  the  clay  and 
this  testing  procedure  indicates  the  probable  suitability  of  a clay  for 
specific  purposes. 


QUICK-FIRING  TEST 

In  this  test,  the  temperature  is  raised  rapidly  to  1800°  F,  then  held  at 
each  successive  100°  F level  for  only  15  minutes.  This  procedure  ex- 
amines the  suitability  of  the  clay  for  lightweight  aggregate,  in  particular 
its  bloating  characteristics.  Desirable  material  bloats  giadually  over  a 
wide  range  of  temperature  (more  than  200°  F).  Samples  which  are  indi- 
cated as  possible  lightweight  aggregate  material  are  usually  tested  further 
in  a rotary  kiln. 

The  characteristics  of  all  thirteen  samples,  determined  by  both  the 
slow-firing  test  and  the  quick-firing  test,  are  presented  in  the  table  below. 
These  are  only  preliminary  results,  and  more  extensive  sampling  and 
testing  are  required  to  prove  suitability. 

All  samples  tested  are  channel  samples  taken  from  the  maximum 
stratigraphic  interval  of  each  unit  exposed  at  each  outcrop.  A wet  chem- 
ical analysis  and  spectrographic  analysis  of  each  unit  are  presented  in 
Appendix  II. 
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X Potential  commercial  use.  See  text  for  discussion. 
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EXPLANATION 

^tion  trends  N20W  and  pasaes  through  the  center  of  the  quadrangle.  Sec 
lino  A-A’  on  Plates  1 and  5.  Stratigraphic  abbreviations  arc  the  same  as  IImmc 
used  on  the  geologic  map  (Plate  1)  except  for  the  following  units: 


Q OnH  Montebello,  Finher  Ridge,  Dalmatin,  and  Turkey  Ridgo  Members, 
*j  Mahantango  Fonnnlion 
[ Onwe  j Marecllus  and  Onondaga  Formationa 
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GEOLOGIC  CKOSS  SECTION  THROUGH  THE  MILLERSTOWN  : 
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EXPLANATION 

Section  trends  X20W  and  passes  tlirough  the  center  of  the  quadrangle-  See 
line  A-A’  on  Plates  1 and  5.  Stratigraphic  abbreviations  arc  the  same  as  these 
used  on  the  geologic  map  (Plate  1)  except  for  the  following  units; 
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I Owo  "]  Manvllua  and  Onondaga  Formations 

fy  50  [ Old  Port.  Keyser.  and  Tonoloivay  Forroatioas 

||^S»T  Keeler  and  Rose  HiU  Formations 

I 0|  I Juniata  Formation 

I Oi  [ RredsviLo  Formation 

I Om  I Salona  and  Ncalmont  Formations 
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STRATIGRAPHIC  CORRELATION  CHART  FOR  THE  MILLERSTOWN 
15-MINUTE  QUADRANGLE  AND  ADJACENT  AREAS 


Copync^t  by  Coacic^vTftlth  e<  yvnAiylv«] 


ll)  I’aiu  djraKHl  IB  Vut  iMi  »i»»Ti  tm  srolopc  tt 
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(4)  S.Iuh4B  fuMiriiMiB: 


iGi  MNotw). 


T'.-:*!!.*  Bub  Uarahm) 


T\w»ror»  thmuyb  K<«{er 

UiddW:  VlcKrBaiB.RwlMtrr  X(cnt«r  iBto  Bloonabui*  n 

I'ppM!  Bloonubur*  (dIo  Kcy-xr 

Low:  Tumran  F«in»Ooo 

Mtddlo:  Bow  IIJ]  throuih  BU»m.l>ur»  PorTuUani 

Upfxr:  Wilb  Cmk  IbIo  Kqw  FonaBlioB 


A'rv  fnadrangU^ 

Lobby:  TuvcBfutB  iBto  EUooroBburcLIidljbtovB  FonoBlioTiB 
Mlddl*:  BJoonukarr-MimiMourB  into  Will>  Cwk  Fonmlioo 
Upp»r;  Will*  Owk  Into  Kbjky  romuitloo 

Lojurt/Jr  fBOiruB^.* 

Lobby:  INocbiuyb  throucb  Rorbotpr  Xltmbor 
kiiddW;  McK«nii«  MamboY  llrouck  Blaomburt 
Upper:  mUj  Cr<*k  tbroutb  Keywr  ronnatioB 


.UiLbrebBiv  f.a*'"#!'-  (■»*  pubU»I»d) 
tytou  oBd  ri'nf  Gnn  «»oira»sIt*; 
low:  Tumran  FonxuitjoB 
Middle:  CUaioa  Fernutlon 
Upper:  BIooRsbur*  Into  Keyier 

(SI  So«  IVnctritlMi  Cbirt,  Tipa*  99.  lor  .ubsuri»»  onit* 
(6)  Menrured  >«tftioB 


Alina  130,  I'laU'  0 


l.TII  ur  l'i:NNSYI.VANIA 

lIKSdl'ltt'K 


Cof>ritKt  IVJl  by 


EXPLANATION 


0/  irirHiiim  lo  hi}h  ttlitf,  irilli  Initlu  In  rrrv  jf/ciJ  itniural 
•uriuer  drairafr.  IligK  itfi'lnnei  In  uoMtiint, 
wriillirrfil  manllf  Ihin  In  mrtl'tille,  ojltn  hnuliUry,  mmrlimru 


\ UNITS  2 I 


I'rrdnminnnilu  mndtlmM,  alltrnijling  irilJi  tiltfU/nn  and 
minor  nhaltt.  FumA  ridge»  oj  mfdium  riiif),  irilh  fairly  lo 
tery  rlrep  nolnral  rlopti;  yaai  ivrfaet  drainayr.  ^^r/UTal^  In 
hiQh  rtAvlaMn  lo  iceatfiAring,  irralherid  manlU  lltin  In  mnderatt. 
F latluirA  UKuallu  u-fll  drrrlnptd,  irilh  dwe  In  iriiU  tfarinj. 
F.itataliim  mudrrnlr  lo  trru  diffieull,  bloAling  ujninlly  rtriairttl: 
eul-iinpt  tlnlnlily  g'md  In  ertilUnl;  foiindalinn  ilalnlilu  j'»<( 
lo  tiulUnl. 


{ unitTT] 

I'rrdnmiMnlly  inlerUddfd  tilUlonfi,  and  rnndti'jnft. 

Form*  Tvi^rn  of  moderale  itlirf  and  inIHnf  hitU  of  ni'tUralt 
Ttli/f;  modfraU  lo  fUep  nalural  tloptA;  turfate  drainagt. 
Imjc  In  nodrrale  rexvlanct  la  uealhering;  irfalhrrrd  rr\anlU 
Ihin  lo  Ihifk.  FraclurcA  muJeraUly  la  irfll  dmloped,  vilh 
tlwt  lo  miidtralt  fjneing.  Ertaralion  mijdnaltly  la 

jnrdnaUly  taty,  Uwling  o«iw£o>iaffv  rt/juired;  cul-tlopt 
ilabilily  fair  In  good;  fmndalinn  tlahilily  g'xid. 


Frtdominanlly  akaU  or  calcarrouA  thnU,  minor  arnnunlA  of 
Formt  ralUyr  of  loir  lo  modrrale  rtli'f,  uilh  gmlU 
lo  iniidCTflff  nalurol  flopra;  good  lo  fair  turfaee  drainagt. 
IjOV  reruiUinee  lo  irtalMring;  irraihrrrd  manlU  midrtalt  lo 
Ihiek.  Fraelurrn  wMy  lo  m'/deraltly  dn<loptd,  mtk  elou  to 
leidt  npacing.  Erraralum  u«ioIIi;  caty;  cvi-ilnpt  jloWIilv 
poor  lo  fair;  foiindalion  tlabilily  fair  lo  good. 


^ I 

Prcdominandy  limeilom,  minor  amounlA  of  rhaU.  ronnj 
co(l«vJ  of  lov  to  morffraM  rtluj,  uiSh  gentle  lo  moderale  nalurol 
olopff;  poor  (0  fair  surfaee  drainage,  good  la  fair  rubrurfaee 
drainage.  Loir  r«^irfan«  to  irealhering;  mealhered  mantle 
Ihin  lo  Ihiek;  solution  fealutea  may  be  present.  Fractures 
moderalely  ttell  dereloped,  irith  clou  la  moderale  spacing. 
Exearation  moderalely  difieull,  Uaslinf  usually  rfTUi'rtd; 
cul-slope  rtoiililw  fair  lo  good;  foundation  slabilily  poor  to 
good,  into  pcun6l<  roJlapye  arca.r. 


SYMBOLS 

i 

Alia!  trace,  anticlinal 


Anal  trace,  synclinal 


Thrust  fault  (sawteetb  cn  upper  pble) 

Strike  and  dip  of  fracture  scU 


Directic 


plunge  of  slickensdes  on  bcilding 


Direction  and  plunge  of  slickcnsides  on  fractures 


Mine  or  quarry,  numbcrci)  and  listed  in  Ttdrlc  r2 
Water  well:  location  known  within  100  feet 


Water  well:  locution  known  within  1. 


WaUT  well:  location  known  within  one  mile 


Wells  are  numbered  and  listed  in  Apjwnilix  1%  -A. 


TECTONIC  AND  ENVIRONMENTAL  GEOLOGIC  MAI^  OF  THE  MILLERSTOWN 
15 -MINUTE  QUADRANGLE,  PENNSYLVANIA 


TXMXXiR.'J’HlC  AND  GEOIXXJIC  SUKVKY 
.Witff  A.  <;«AvuJ 


EXPLANATION 


Hr3  Red  elc)-stofte 


R*a  sifshwe 
Red  s^fty  cicysione 


Jlnicrbcdded  red  and 
groy  sondstone 


Croy  sor^fooe 


1R^d  sondstcne 
Red  s<!lsfo.-« 


Red  sillstpne 
Red  sandslone 
Grey  sondsfcne 


Cycle 


commonw>:ai,th  of  Pennsylvania 
DEPARTMENT  OF  ENVIRONMENTAL  RESOURCES 


Cycle  8 


lens  of  gray  sillstone 


\*fficoi  soft- 


0^ 


SCALE 


^ Ft  Horizontal 


BUFFALO  MOUNTAIN  CROSS  SECTION 


Duneinnon  Member  of  Upper  DeTOnism  Catskill  Formation  cjipoe^  along 
U.S.  Route  22-322  on  the  wrest  end  of  BulTalo  Mountain,  Howre  Township,  Perry 
County.  This  outcrop  is  in  the  southeast  comer  of  the  Milleretown 
minute  ouadranKlc,  approximately  3.6  lo4.0  miles  south  of  Millcrstown.  The  upper 
section  is  the  exposure  along  the  northbound  lane,  and  the  lower  sections  are 
exposures  along  the  southbound  lone.  The  exposure  lies  on  the  axis  of  the  BulTalo- 
Bciry  syndine.  which  is  the  wrestward  extension  of  the  northern  trough  of  the 
Southern  Anthradtc  Basin.  . 

The  Duncannon  Member  is  highly  cydic,  conswting  of  a irepetiUon  of  finmg- 


upward  cydes.  A typical  cyde.  iQustiatcd  in  Figure  41.  begins  with  gray,  fine- 
grained sandstone  overiyiog  an  erosion  surface,  overlain  by  reddish-gray,  v^- 
fine  grained  smdstonc.  grayish-red  siltslone.  and  red  silty  daystoae.  Locally, 
conglomerate  lenses  occur  at  the  base  of  cycles,  which  consist  of  subangular  day 
chips,  nodular  or  concretionary  carbonate  fragments,  small  tgcnerally  less  than 
1 cm  in  diameteri  quarts  pebbles,  and  wood  fragments. 

P.-irts  of  11  major  cycles  are  exposed  here,  ranging  in  thiekmss  from  0 to  70 
feet.  Many  of  the  cyd«  contain  nested  subeydes.  which  represent  local  inter- 
ruptions of  the  general  fining-upw^mi  pattern. 


COMMOhnVEAI.TH  OF  PENNSYLVANIA 
DEPARTMENT  OF  EN^'IRONMENTAL  RESOURCES 


Atlas  136,  Plato  6 


SCALE 


WrIicQl  SO  Ft- 


50  Ft  Horizontal 


Laierolly  persistent  bedding  ptone  in  gray  sandstone  interval 

Underloin  by  groy  sondslone  with  lenses  of  red  shole  ond  colcoreoos  conglomeroie 


BUFFALO  MOUNTAIN  CROSS  SECTION 


C'xposc-d  alone 

ronntv  TrT"  ^ end  of  liuflalo  MoutiLam,  Howe  Towi^r.  p 

m^nn  ;■  •■'““foP  'S  m the  southeast  comer  of  the  Milleretow-n  Sit 

The  Duncannnn  Member  is  highly  cyclic,  consisting  of  a repetition  of  fining. 


^ward  cyclM  A typical  cycle,  illustrated  in  Figure  41,  begins  with  gray,  fino. 
^med  sandstone  overlying  an  erosion  surface,  overlain  by  reddish-my  very 
fine  grained  sandstone,  grayish-red  silutone,  and  red  silty  clayston^^uT 
coaglomerato  lenses  occur  at  the  base  of  cycles,  which  consist  of  subanwKay 
chips,  n^ular  or  concretionary  carbonate  fragmenU,  small  (generally  less  than 
1 cm  m diameter)  quartz  pebbles,  and  wood  fra^ents  'Bcncrauy  less  than 


